




Published for SISSA by Springer
Received: November 5, 2009
Accepted: December 19, 2009
Published: January 25, 2010
Combined measurement and QCD analysis of the
inclusive e±p scattering cross sections at HERA
H1 and ZEUS collaborations
E-mail: sschmitt@mail.desy.de
Abstract: A combination is presented of the inclusive deep inelastic cross sections mea-
sured by the H1 and ZEUS Collaborations in neutral and charged current unpolarised e±p
scattering at HERA during the period 1994-2000. The data span six orders of magnitude
in negative four-momentum-transfer squared, Q2, and in Bjorken x. The combination
method used takes the correlations of systematic uncertainties into account, resulting in an
improved accuracy. The combined data are the sole input in a NLO QCD analysis which
determines a new set of parton distributions, HERAPDF1.0, with small experimental un-
certainties. This set includes an estimate of the model and parametrisation uncertainties
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1 Introduction
Deep inelastic scattering (DIS) at HERA has been central to the exploration of proton
structure and quark-gluon interaction dynamics as prescribed in perturbative Quantum
Chromodynamics (QCD). HERA allowed inelastic ep interactions to be studied at high
centre-of-mass energy,
√
s ≃ 320GeV, where s = 4EeEp, the lepton beam energy Ee ≃
27.5GeV and the proton beam energy Ep = 920GeV for most of the running period.
Operation of HERA proceeded in two phases, HERA I, from 1992-2000, and HERA II,
from 2002-2007. The luminosity collected by each of the collider experiments, H1 and
ZEUS, in unpolarised e+p and e−p scattering during the ﬁrst phase was approximately
100 pb−1and 15 pb−1, respectively.
The paper presents the combination of the published H1 [1–5] and ZEUS [6–14] mea-
surements from HERA I on inclusive DIS in neutral (NC) and charged current (CC) re-






Bjorken x. The combination is performed using a method introduced in [15] and extended
in [1]. This also provides a model-independent check of the data consistency. The corre-
lated systematic uncertainties and global normalisations are ﬁtted such that one coherent
data set is obtained. Since H1 and ZEUS have employed diﬀerent experimental techniques,
using diﬀerent detectors and methods of kinematic reconstruction, the combination leads
to a signiﬁcantly reduced uncertainty.
The combined data set contains complete information on inclusive DIS cross sections
published by the H1 and ZEUS collaborations based on data collected in the years 1994-
2000. The kinematic range of the NC data is 6 · 10−7 ≤ x ≤ 0.65 and 0.045 ≤ Q2 ≤
30000 GeV2, for values of inelasticity y between 0.005 and 0.95, where y = Q2/sx. The
kinematic range of the CC data is 1.3 · 10−2 ≤ x ≤ 0.40 and 300 ≤ Q2 ≤ 30000GeV2, for
values of y between 0.037 and 0.76. An extensive overview of the results on HERA I data
from both H1 and ZEUS is given in [16].
Analyses of the x and Q2 dependences of the NC and CC DIS cross sections measured
at HERA have determined sets of quark and gluon momentum distributions in the proton,
both from H1 [2] and ZEUS [17]. In such analyses, the lower Q2 NC data determine
the low-x sea quark and gluon distributions. The high-Q2 CC data, together with the
diﬀerence between NC e+p and e−p cross sections at high Q2, constrain the valence quark
distributions. The use of the HERA CC data allows the down quark distribution in the
proton to be determined without assuming isospin symmetry. In addition, the use of
HERA data alone for the determination of parton distribution functions (PDFs) eliminates
the need for heavy target corrections, which must be applied to DIS data from nuclear
targets. In this paper the combined HERA data are used to determine a new set of
parton distributions termed HERAPDF1.0. Consistency of the input data ensures that
the experimental uncertainty of the HERAPDF1.0 set can be determined using rigorous
statistical methods. Uncertainties resulting from model assumptions and from the choice
of PDF parametrisation are also considered, similarly to [2].
The paper is organised as follows. In section 2 the measurements by H1 and ZEUS and
the input data are described. In section 3 the combination of the NC and CC data sets
from H1 and ZEUS is discussed. The QCD analysis is described in section 4. A summary
is given in section 5.
2 Measurements of inclusive DIS cross sections
2.1 Cross sections and parton distributions
The neutral current deep inelastic e±p scattering cross section, at tree level, is given by
















where the electromagnetic coupling constant α, the photon propagator and a helicity factor






The functions F˜2, F˜L and xF˜3 depend on the electroweak parameters as [18]
F˜2 = F2 − κZve · F γZ2 + κ2Z(v2e + a2e) · FZ2 ,
F˜L = FL − κZve · F γZL + κ2Z(v2e + a2e) · FZL ,
xF˜3 = κZae · xF γZ3 − κ2Z · 2veae · xFZ3 . (2.2)
Here ve and ae are the vector and axial-vector weak couplings of the electron to the Z boson
and κZ(Q
2) = Q2/[(Q2+M2Z)(4 sin
2 θW cos
2 θW )]. The eﬀective values for the electroweak
mixing angle, sin2 θW = 0.2315, and the Z boson mass, MZ = 91.187 GeV, are used [19].
At low Q2, the contribution of Z exchange is negligible and σr,NC = F2 − y2FL/Y+. The
contribution of the term containing the structure function FL is only signiﬁcant for large
values of y.
In the Quark Parton Model (QPM), F˜L = 0 [20] and the other functions in

















d)(xD + xD¯)] ,
(xF γZ3 , xF
Z
3 ) = 2[(euau, vuau)(xU − xU¯) + (edad, vdad)(xD − xD¯)] , (2.3)
where eu, ed denote the electric charge of up- or down-type quarks while vu,d and au,d are
the vector and axial-vector weak couplings of the up- or down-type quarks to the Z boson.
Here xU , xD, xU and xD denote the sums of up-type, of down-type and of their anti-quark
distributions, respectively. Below the b quark mass threshold, these sums are related to
the quark distributions as follows
xU = xu+ xc , xU = xu+ xc , xD = xd+ xs , xD = xd+ xs , (2.4)
where xs and xc are the strange and charm quark distributions. Assuming symmetry
between sea quarks and anti-quarks, the valence quark distributions result from
xuv = xU − xU , xdv = xD − xD . (2.5)


























For the Fermi constant, an eﬀective value GF = 1.16639 × 10−5GeV−2 is used, the W
boson mass is MW = 80.41 GeV [19]. In the QPMW
±
L = 0 and the CC structure functions
represent sums and diﬀerences of quark and anti-quark-type distributions depending on
the charge of the lepton beam as
W+2 = xU +xD , xW
+






From these equations it follows that
σ+r,CC = xU + (1− y)2xD , σ−r,CC = xU + (1− y)2xD . (2.9)
Therefore the NC and CC measurements may be used to determine the combined sea
quark distribution functions, xU and xD, and the valence quark distributions, xuv and
xdv . A QCD analysis in the DGLAP formalism [21–25] also allows the gluon momentum
distribution, xg, in the proton to be determined from scaling violations.
2.2 Reconstruction of kinematics
The deep inelastic ep scattering cross section of the inclusive neutral and charged current
reactions depends on the centre-of-mass energy s and on two kinematic variables, Q2 and x.
Usually x is obtained from the measurement of the inelasticity y and from Q2 and s through
the relationship x = Q2/(sy). The salient feature of the HERA collider experiments is the
possibility to determine the NC event kinematics from the scattered electron1 e, or from
the hadronic ﬁnal state h, or using a combination of the two. The choice of the most
appropriate kinematic reconstruction method for a given phase space region is based on
resolution, measurement accuracy and radiative correction eﬀects and has been optimised
diﬀerently for the two experiments. The use of diﬀerent reconstruction techniques by the
two experiments contributes to the improved accuracy of the combined data set.
For NC scattering, in the “electron method”, the inelasticity and the negative four-
momentum-transfer squared can be calculated using the electron kinematics as








Here Σe = E
′
e(1−cos θe), where θe is the angle between the scattered electron direction and
the proton beam direction,2 E′e is the scattered electron energy, and PT,e is its transverse
momentum. Similar relations are obtained from the hadronic ﬁnal state reconstruction [26],












i (Ei − pz,i) is the hadronic E−Pz variable with the sum extending over the
reconstructed hadronic ﬁnal state particles i, and PT,h = |
∑
i p⊥,i| is the total transverse
momentum of the hadronic ﬁnal state with p⊥,i being the transverse momentum vector of








1In this paper, the term electron is used for both electrons and positrons, unless otherwise stated.
2In the right-handed H1 and ZEUS coordinate systems, the z axis points along the proton beam direction,






which, within the QPM, corresponds to the direction of the struck quark. In the “sigma
method” [27] the total E − Pz variable
E − Pz = E′e(1− cos θe) +
∑
i
(Ei − pz,i) = Σe +Σh (2.13)
is introduced. For non-radiative events this variable equals 2Ee such that equations (2.10)
and (2.11) can be modiﬁed as
yΣ =
Σh


















e , xeΣ = xΣ . (2.15)
An extension of the sigma method [1, 2] is




Σ , xΣ′ =
Q2Σ




This modiﬁcation takes radiative eﬀects at the lepton vertex into account by replacing the
electron beam energy in the calculation of x, in a similar manner to yΣ.
The “double angle method” [28, 29] is used to reconstruct Q2 and x from the electron
and hadronic scattering angles as
yDA =
tan (θh/2)
tan (θe/2) + tan (θh/2)










The method is largely insensitive to hadronization and, to ﬁrst order, is independent of the
detector energy scales. However, the hadronic angle is less well-determined than the elec-
tron angle due to particle loss in the beampipe. In the “PT method” of reconstruction [30]
the well-measured electron kinematics is used to obtain a good event-by-event estimate of
the hadronic energy loss, by employing δPT = PT,h/PT,e. This improves both the resolu-
tion and uncertainties of the reconstructed y and Q2. The PT method uses all measured







, where ΣPT = 2Ee
C(θh, PT,h, δPT) · Σh
Σe + C(θh, PT,h, δPT) · Σh . (2.18)
The variable θPT is then substituted for θh in the formulae for the double angle method to
determine x, y and Q2. The detector-speciﬁc function C is calculated using Monte Carlo
simulations as Σtrue,h/Σh, depending on θh, PT,h and δPT.
The methods of kinematic reconstruction used by H1 and ZEUS are given in table 1







The H1 [31–33] and ZEUS [34] detectors had nearly 4π hermetic coverage. They were built
following similar physics considerations but opted for diﬀerent technical solutions, both for
the calorimetric and the tracking measurements.
The main component of the H1 detector was the ﬁnely segmented Liquid Argon
calorimeter (LAr). It had an inner electromagnetic part and an outer hadronic part. The





for electromagnetic and hadronic particles, respectively. The LAr was surrounded by a
superconducting coil providing a solenoidal magnetic ﬁeld of 1.16T and an instrumented
iron structure acting as a shower tail catcher and a muon detector. In 1996 a major up-
grade was performed during which the backward detectors were replaced by a Backward
Drift Chamber (BDC) attached to a new lead ﬁbre calorimeter (SpaCal) with a high res-
olution (0.07
√
E/GeV) electromagnetic section, which comprised 27.5 radiation lengths,
followed by a hadronic section. The SpaCal calorimeter had a total depth of two hadronic
interaction lengths. In the upgraded conﬁguration, the innermost central tracking detector
of H1 contained two silicon detectors, the central and backward trackers, CST and BST.
These were surrounded by the Central Inner Proportional chamber, CIP, and the Central
Jet Chamber, CJC, which was the main tracking device of H1, with wires strung parallel
to the beam axis. The CJC had two concentric parts. The CJC was complemented by
drift chambers to measure the z coordinate, and a further proportional chamber between
the CJC chambers was used for triggering. Tracks in the forward direction were mea-
sured in the Forward Tracking Detector, FTD, a set of drift chamber modules of diﬀerent
orientation.
The main component of the ZEUS detector was the uranium-scintillator calorimeter
(CAL) consisting of three parts: forward (FCAL), barrel (BCAL) and rear (RCAL). Each
part was segmented into one electromagnetic section (EMC) and either one (in RCAL)
or two (in BCAL and FCAL) hadronic sections (HAC). Under test-beam conditions, the




E/GeV for the EMC and HAC sections,
respectively. The timing resolution of the CAL was ∼ 1 ns for energy deposits greater than
4.5GeV. Scintillator-tile presampler detectors were mounted in front of the CAL. The
RCAL was instrumented at a depth of 3.3 radiation lengths with a silicon-pad hadron-
electron separator (HES). Charged particles were tracked in the central tracking detector
(CTD) which operated in a magnetic ﬁeld of 1.4T provided by a thin superconducting
solenoid, positioned inside the BCAL and presampler. The CTD was organised in nine
superlayers with ﬁve axial layers and four stereo layers. Planar drift chambers provided
additional tracking in the forward and rear directions. The small angle rear tracking
detector (SRTD), consisting of two orthogonal planes of scintillator strips, was used to
measure electrons at large θe. The angular coverage in the electron beam direction was
extended with the addition of a small Tungsten-scintillator calorimeter (BPC), located
behind the RCAL at z = −294 cm close to the beam axis, and a silicon microstrip tracking






Data Set x Range Q2 Range L e+/e− √s x,Q2 Reconstruction Reference
GeV2 pb−1 GeV Method Equation
H1 svx-mb 95-00 5× 10−6 0.02 0.2 12 2.1 e+p 301-319 (2.10), (2.14), (2.16) [1]
H1 low Q2 96-00 2× 10−4 0.1 12 150 22 e+p 301-319 (2.10), (2.14), (2.16) [2]
H1 NC 94-97 0.0032 0.65 150 30000 35.6 e+p 301 (2.15) [3]
H1 CC 94-97 0.013 0.40 300 15000 35.6 e+p 301 (2.11) [3]
H1 NC 98-99 0.0032 0.65 150 30000 16.4 e−p 319 (2.15) [4]
H1 CC 98-99 0.013 0.40 300 15000 16.4 e−p 319 (2.11) [4]
H1 NC HY 98-99 0.0013 0.01 100 800 16.4 e−p 319 (2.10) [5]
H1 NC 99-00 0.0013 0.65 100 30000 65.2 e+p 319 (2.15) [5]
H1 CC 99-00 0.013 0.40 300 15000 65.2 e+p 319 (2.11) [5]
ZEUS BPC 95 2× 10−6 6× 10−5 0.11 0.65 1.65 e+p 301 (2.10) [6]
ZEUS BPT 97 6× 10−7 0.001 0.045 0.65 3.9 e+p 301 (2.10), (2.15) [7]
ZEUS SVX 95 1.2× 10−5 0.0019 0.6 17 0.2 e+p 301 (2.10) [8]
ZEUS NC 96-97 6× 10−5 0.65 2.7 30000 30.0 e+p 301 (2.18) [9]
ZEUS CC 94-97 0.015 0.42 280 17000 47.7 e+p 301 (2.11) [10]
ZEUS NC 98-99 0.005 0.65 200 30000 15.9 e−p 319 (2.17) [11]
ZEUS CC 98-99 0.015 0.42 280 30000 16.4 e−p 319 (2.11) [12]
ZEUS NC 99-00 0.005 0.65 200 30000 63.2 e+p 319 (2.17) [13]
ZEUS CC 99-00 0.008 0.42 280 17000 60.9 e+p 319 (2.11) [14]
Table 1. H1 and ZEUS data sets used for the combination. The H1 svx-mb [1] and H1 low Q2 [2]
data sets comprise averages including data collected at Ep = 820GeV [35, 36] and Ep = 920GeV.
The formulae for x,Q2 reconstruction are given in section 2.2.
Both H1 and ZEUS were also equipped with photon taggers, positioned at ≃ 100m
down the e beam line, for a determination of the luminosity from Bethe-Heitler scattering,
ep → epγ. The measurement accuracy of the luminosity was about 1 − 2% for each of
the experiments.
2.4 Data samples
A summary of the data used in this analysis is given in table 1. In the ﬁrst years until 1997,
the proton beam energy Ep was set to 820GeV. In 1998 it was increased to 920GeV. The
NC data cover a wide range in x and Q2. The lowest Q2 ≥ 0.045GeV2 data come from
the measurements of ZEUS using the BPC and BPT [6, 7]. The Q2 range from 0.2GeV2
to 1.5GeV2 is covered using special HERA runs, in which the interaction vertex position
was shifted forward allowing for larger angles of the backward scattered electron to be
accepted [1, 8, 35]. The lowest Q2 for the shifted vertex data was reached using events, in
which the eﬀective electron beam energy was reduced by initial state radiation [1]. Values
of Q2 ≥ 1.5GeV2 were measured using the nominal vertex settings. For Q2 ≤ 10GeV2,
the cross section is very high and the data were collected using dedicated trigger setups [1,
9, 36]. The highest accuracy of the cross-section measurement is achieved for 10 ≤ Q2 ≤
100GeV2 [2, 9, 36]. For Q2 ≥ 100GeV2, the statistical uncertainty of the data becomes
relatively large. The high Q2 data included here were collected with positron [3, 5, 9, 13]
and with electron [4, 11] beams. The CC data for e+p and e−p scattering cover the range






3 Combination of the measurements
3.1 Combination method
The combination of the data sets uses the χ2 minimisation method described in [1]. The χ2
function takes into account the correlated systematic uncertainties for the H1 and ZEUS
cross-section measurements. For a single data set the χ2 is deﬁned as












Here µi is the measured value at a point i and γij, δi,stat and δi,uncor are relative correlated
systematic, relative statistical and relative uncorrelated systematic uncertainties, respec-
tively. The function χ2exp depends on the predictions m
i for the measurements (denoted
as the vector m) and the shifts bj (denoted as the vector b) of the correlated systematic
error sources. For the reduced cross-section measurements µi = σir and i denotes a (x,Q
2)
point. The summation over j extends over all correlated systematic sources. The predic-
tions mi are given by the assumption that there is a single true value of the cross section
corresponding to each data point i and each process, neutral or charged current e+p or e−p
scattering.
Equation (3.1) takes into account that the quoted uncertainties are based on measured
cross sections, which are subject to statistical ﬂuctuations. Under the assumption that the
statistical uncertainties are proportional to the square root of the number of events and that
the systematic uncertainties are proportional tom, the minimum of equation (3.1) provides
an unbiased estimator of m. For the present cross section measurements, the leading sys-
tematic uncertainties stem from the acceptance correction and luminosity determination.
Therefore, the correlated and uncorrelated systematic uncertainties are of multiplicative
nature, i.e. they increase proportionally to the central values. In equation (3.1) the mul-
tiplicative nature of these uncertainties is taken into account by multiplying the relative
errors γij and δi,uncor by the expectation m
i. For the inclusive DIS cross-section measure-
ments the background contribution is small and the statistical uncertainties are deﬁned
by the square root of the number of events used to determine σir. The expected number
of events is determined by the expected cross section and it can be also corrected for the




mi −∑j γijmibj) term.
Several data sets providing a number of measurements are represented by a total χ2






























Here µi,ave is the average value at a point i and γi,avej , δi,ave,stat and δi,ave,uncor are its relative
correlated systematic, relative statistical and relative uncorrelated systematic uncertainties,
respectively. The value of χ2min corresponds to the minimum of equation (3.2). The ratio
χ2min/ndof is a measure of the consistency of the data sets. The number of degrees of
freedom, ndof , is calculated as the diﬀerence between the total number of measurements
and the number of averaged points NM . The systematic uncertainties b
′
j are obtained from
the original ones, bj , by an orthogonal transformation [1]. The summation of j extends
over all independent systematic error sources.
The original double diﬀerential cross-section measurements are published with their
statistical and systematic uncertainties. The statistical uncertainties correspond to δi,stat
in equation (3.1). The systematic uncertainties are classiﬁed as either point-to-point corre-
lated or point-to-point uncorrelated, corresponding to γji and δi,uncor, respectively. Several
measurements [7, 8, 10–14] are reported with asymmetric systematic uncertainties and
they are symmetrised before performing the averaging. The resulting average is found to
be insensitive to the details of the symmetrisation procedure. Global normalisations of the
data sets are split into an overall normalisation uncertainty of 0.5%, common to all data
sets, due to uncertainties of higher order corrections to the Bethe-Heitler process used for
the luminosity calculation, and experimental uncertainties which are treated as correlated
systematic sources γji . Sources of point-to-point correlated uncertainties may be in com-
mon for CC and NC data as well as for several data sets of the same experiment. The
correlations of the systematic uncertainties across the data sets are given in table 5. The
systematic uncertainties are treated as independent between H1 and ZEUS apart from the
0.5% overall normalisation uncertainty.
All the NC and CC cross-section data from H1 and ZEUS are combined in one simul-
taneous minimisation. Therefore resulting shifts of the correlated systematic uncertainties
propagate coherently to both CC and NC data.
3.2 Corrections and uncertainties
3.2.1 Extrapolation to common (x,Q2) grid
Prior to the combination, the H1 and ZEUS data are transformed to a common grid of
(x,Q2) points. The grid points are chosen such that the interpolation corrections are
minimal taking advantage of the fact that the original (x,Q2) grids of the H1 and ZEUS
experiments are similar. Furthermore, the chosen grid ensures that no two separate mea-
surements of the same data set interpolate to a common grid point.3 For Q2 ≥ 0.2GeV2,
3An exception is made for the ZEUS SVX [8] data for which five pairs of points are first averaged using






for the majority of the grid points both H1 and ZEUS measurements enter the combina-
tion. For some of the grid points there is no nearby counterpart from the other experiment,
giving points in the combined cross section which originate from either H1 or ZEUS only.
Note that through the systematic error correlation, such data points may be nevertheless
shifted with respect to the original measurement in the averaging procedure.
The transformation of a measurement from the given (x,Q2) to the nearest (xgrid, Q
2
grid)
point on the grid is performed by multiplying the measured cross section by a ratio of the-




interpolation is repeated iteratively. For the ﬁrst iteration, the H1 PDF 2000 parametri-
sation [5] is used for Q2 ≥ 3GeV2, where it is applicable, and the fractal model ﬁt [1] for
Q2 < 3GeV2. For the second iteration, a QCD ﬁt to the ﬁrst iteration of the averaged data
(see section 4) is used for Q2 ≥ 3GeV2 and the fractal model ﬁt for Q2 < 3GeV2. The dif-
ference between cross-section measurements obtained after the ﬁrst and second iterations
is smaller than a few per mille for the NC and 2% for the CC data. The QCD ﬁt obtained
using the data from the ﬁrst iteration is to per mille precision identical to the ﬁt obtained
using the data from the second iteration. Therefore, no further iterations are performed.
This procedure is checked using the ZEUS-JETS parametrisation [17] for the ﬁrst iteration.
The resulting cross-section diﬀerence is negligible compared to the experimental precision.
3.2.2 Centre-of-mass energy correction
The data sets considered for the combination contain sub-samples taken with a proton
beam energy of Ep = 820GeV and Ep = 920GeV. Both the CC and NC scattering reduced
cross sections depend weakly on the energy via terms containing the inelasticity y. For
the CC data for all values of y and for the NC data for y < 0.35, the uncertainty on
the theoretically estimated diﬀerence between cross sections for Ep = 820GeV and Ep =
920GeV is negligible compared to the experimental precision. Therefore the data are
corrected to a common centre-of-mass energy corresponding to Ep = 920GeV and then
averaged. The NC data for y ≥ 0.35 are kept separate for the two proton beam energies.























and additively for the NC data which is quoted in reduced double diﬀerential form





2, y820, y920) . (3.5)
Here y820 and y920 are the inelasticities for the two proton beam energies calculated as
y = Q2/4EeEpx. The theoretical cross sections follow the same prescription used for the
extrapolation correction in section 3.2.1. For the neutral current case,
∆σth,±r,NC(x,Q



























where Y± 820,920 = 1± (1− y820,920)2. The largest uncertainty in equation (3.6) stems from
the calculation of the structure function F˜ thL . To estimate the uncertainty on the com-
bined data arising from the centre-of-mass energy correction another average is performed
assuming F˜ thL = 0. The diﬀerence between this and the nominal average is at most 0.1%
and thus the uncertainty on the averaged cross section resulting from the centre-of-mass
energy correction is negligible.
3.2.3 Procedural uncertainties
The χ2 function given by equation (3.1) treats all systematic uncertainties as multiplica-
tive, i.e. proportional to the expected central values. While this generally holds for the
normalisation uncertainties, this may not be the case for the other uncertainties. To study
the sensitivity of the average result to this issue, an alternative averaging is performed,
for which only normalisation uncertainties are taken as multiplicative while all other un-
certainties are treated as additive. The diﬀerence between this average and the nominal
average result is used as a correlated procedural error δave,rel. The typical size of δave,rel is
below 0.5% for the low Q2 data reaching a few percent for high Q2.
The H1 and ZEUS collaborations use similar methods for detector calibration and em-
ploy similar Monte Carlo simulation models for radiative corrections, for the hadronic ﬁnal
state simulation and for photoproduction background subtraction. Such similarities may
lead to correlations between the H1 and ZEUS measurements. To investigate the eﬀect of
possible correlations, 12 sources of similar systematic uncertainties of the two experiments
are identiﬁed. These are related to the photoproduction background, the electromagnetic
and hadronic energy scales and the electron scattering angle. Then 212 diﬀerent averages
are calculated assuming each of the 12 pairs to be correlated or uncorrelated, and these
alternative averages are compared to the nominal average for which all sources are assumed
to be uncorrelated. By studying these averages it is found that the only two systematic
sources which result in signiﬁcantly diﬀerent average cross sections are the photoproduction
background and the hadronic energy scale. The diﬀerences between the nominal average
and the averages in which systematic sources for the photoproduction background and
hadronic energy scale are considered to be correlated are taken as additional procedural
uncertainties δave,γp and δave,had. Typical values of δave,γp and δave,had are below 0.5%. As
expected, δave,γp is larger at high y > 0.5 while δave,had is signiﬁcant for low y only.
3.3 Results
The average NC and CC cross sections and the structure function F2 together with statis-
tical, uncorrelated systematic and procedural uncertainties are given in tables 6–17. The
full information about correlation between cross-section measurements can be found else-
where [37]. The total integrated luminosity of the combined data set corresponds to about
200 pb−1 for e+p and 30 pb−1 for e−p. In total 1402 data points are combined to 741
cross-section measurements. The data show good consistency, with χ2/ndof = 636.5/656.








H1 svx-mb [1] −0.24 (−0.2%)
H1 low Q2 [2] −0.45 (−0.4%)
H1 94− 97 [3] −0.65 (−0.9%)
H1 98− 99 [4, 5] −0.05 (−0.1%)
H1 99− 00 [5] −0.19 (−0.3%)
ZEUS BPC [6] 0.23 (0.3%)
ZEUS BPT [7] −0.03 (−0.1%)
ZEUS SVX [8] 0.78 (1.2%)
ZEUS 94− 97 [9, 10] 0.44 (0.8%)
ZEUS 96− 97 low Q2 [9] −1.10 (−1.1%)
ZEUS 98− 99 [11, 12] 0.05 (0.1%)
ZEUS 99− 00 [13, 14] −0.18 (−0.4%)
Table 2. Shifts of global normalisation of the data sets in units of the normalisation uncertainty
(and in percent of the original cross sections).







where ∆i,e (∆i,ave) is the statistical and uncorrelated systematic uncertainty added in
quadrature for the measurement e (average). The distribution of pulls shows no tensions
for all processes across the kinematic plane, see ﬁgure 1.
There are in total 110 sources of correlated systematic uncertainty, including global
normalisations, characterising the separate data sets. None of these systematic sources
shifts by more than 2σ of the nominal value in the averaging procedure. The distribution
of pulls for the correlated systematic sources, deﬁned as ps = bj,ave/(1−∆2bj ,ave)1/2, where
∆bj ,ave is the uncertainty of the source j after the averaging, is given in ﬁgure 2. The
shifts of the global normalisation for each input data set are given in table 2. The absolute
normalisation of the combined data set is to a large extent deﬁned by the most precise
measurements of NC e+p cross section in the 10 ≤ Q2 ≤ 100GeV2 kinematic range. Here
the H1 [2] and ZEUS [9] results move towards each other and the other data sets follow
this adjustment.
The inﬂuence of several correlated systematic uncertainties is reduced signiﬁcantly
for the averaged result. For example, the uncertainty due to the H1 LAr calorimeter
energy scale is reduced by 55% while the uncertainty due to the ZEUS photoproduction
background is reduced by 65%. There are two main reasons for this signiﬁcant reduction.
Since H1 and ZEUS use diﬀerent reconstruction methods, described in section 2.2, similar






Therefore, requiring the cross sections to agree at all x and Q2 constrains the systematics
eﬃciently. In addition, for certain regions of the phase space, one of the two experiments has
superior precision compared to the other. For these regions, the less precise measurement
is ﬁtted to the more precise one, with a simultaneous reduction of the correlated systematic
uncertainty. This reduction propagates to the other average points, including those which
are based solely on the measurement from one experiment.
For Q2 ≥ 100GeV2 the precision of the H1 and ZEUS measurements is about equal
and thus the systematic uncertainties are reduced uniformly. For 2.5 ≤ Q2 < 100GeV2
and for Q2 < 1GeV2 the precision is dominated by the H1 [1, 2] and by the ZEUS [7]
measurements, respectively. Therefore the overall reduction of the uncertainties is smaller,
and it is essentially obtained from the reduction of the correlated systematic uncertainty.
For example, for Q2 ∼ 30GeV2 the obtained precision of 1.1% is dominated by the data
of [2], where 1.3% uncertainties are reported. The correlated error part of the full un-
certainty is reduced from about 75% in [2] to 55% in the combined measurement. The
total uncertainty is typically smaller than 2% for 3 < Q2 < 500GeV2 and reaches 1% for
20 < Q2 < 100GeV2. The uncertainties are larger for high inelasticity y > 0.6 due to the
photoproduction background.
In ﬁgures 3 and 4, averaged data are compared to the input H1 and ZEUS data. In
ﬁgures 5 and 6, the combined NC e+p data at very low Q2 and at low Q2 are shown. In
ﬁgures 7 and 8, the combined NC e+p and e−p data at high Q2 are shown. In ﬁgure 9
the e+p NC reduced cross section, for Q2 > 1GeV2, is shown as a function of Q2 for
the HERA combined e+p data and for ﬁxed-target data [38, 39] across the whole of the
measured kinematic plane. The combined NC e±p reduced cross sections are compared in
the high-Q2 region in ﬁgure 10. In ﬁgures 11 and 12 the combined data set is shown for CC
scattering at high Q2. The HERAPDF1.0 ﬁt, described in the next section, is compared
to the data in the kinematic region suitable for the application of perturbative QCD.
4 QCD analysis of the combined data
4.1 Definition of χ2 and treatment of systematic uncertainties
The combined data set on NC and CC e+p and e−p inclusive cross sections is used as the
sole input for a next-to-leading order (NLO) QCD PDF ﬁt, called HERAPDF1.0. The
form of the χ2 used for this ﬁt follows equation (3.1). The consistency of the present input
data justiﬁes the use of the conventional χ2 tolerance, ∆χ2 = 1, when determining the
experimental uncertainties on the HERAPDF1.0 ﬁt.
The role of correlated systematic uncertainties should be considered carefully when
deﬁning the χ2 for PDF ﬁts. Global ﬁts have used the Hessian method [40, 41], the Oﬀ-
set method [42, 43] and quadratic combination [44, 45]. In ﬁts to HERA data alone, H1
have used the Hessian method [2, 5] and ZEUS have used the Oﬀset method [17]. These
diﬀerent methods can lead to quite diﬀerent estimates of the PDF central values and un-
certainties [46, 47], with the Oﬀset method giving the largest uncertainties if the correlated






In the present analysis, the combination of the H1 and ZEUS data sets is done by a
Hessian procedure under the assumption that there is only one true cross-section value for
each process (NC or CC, e+p or e−p scattering) at each (x,Q2) point. This results in a
data set with correlated systematic uncertainties which are smaller or comparable to the
statistical and uncorrelated uncertainties. Thus the central values and experimental uncer-
tainties on the PDFs which are extracted from the combined data are not much dependent
on the method of treatment of correlated systematic uncertainties in the ﬁtting procedure.
The most conservative estimate of uncertainties still results from the use of the Oﬀset
method for all 113 systematic errors. However, this procedure is very cumbersome and
in practice a very similar uncertainty estimate is obtained from using the Oﬀset method
only for the largest correlated systematic errors, namely the three procedural errors (see
section 3.2.3). Thus for the central ﬁt, the 110 systematic uncertainties which result from
the ZEUS and H1 data sets are combined in quadrature, and the three sources of uncer-
tainty which result from the combination procedure are treated by the oﬀset method. The
χ2 per degree of freedom for this ﬁt is 574/582; for a ﬁt combining all 113 uncertainties
in quadrature the χ2 is 532 and for a ﬁt treating all 113 by the Hessian method the χ2 is
579. The resulting experimental uncertainties on the PDFs are small. Therefore, a thor-
ough consideration of further uncertainties due to model assumptions and parametrisation
dependence is necessary.
4.2 Theoretical formalism and assumptions
The QCD predictions for the structure functions are obtained by solving the DGLAP evolu-
tion equations [21–25] at NLO in the MS scheme with the renormalisation and factorisation
scales chosen to beQ2. The programme QCDNUM [48] is used and checked against the pro-
gramme QCDﬁt [49]. The DGLAP equations yield the PDFs at all values of Q2 if they are
provided as functions of x at some input scale Q20. This scale is chosen to be Q
2
0 = 1.9 GeV
2
such that the starting scale is below the charm mass threshold, Q20 < m
2
c . The light quark
coeﬃcient functions are calculated in QCDNUM. The heavy quark coeﬃcient functions are
calculated in the general-mass variable-ﬂavour-number scheme of [50], with recent modiﬁ-
cations [51, 52]. The heavy quark masses mc = 1.4 GeV and mb = 4.75 GeV are chosen
following [45]. The strong coupling constant is ﬁxed to αs(M
2
Z) = 0.1176 [19].
The HERA data have a minimum invariant mass of the hadronic system,W , of 15GeV
and a maximum x of 0.65, such that they are in a kinematic region where there is no
sensitivity to target mass and large-x higher-twist contributions. A minimum Q2 cut of
Q2min = 3.5GeV
2 is imposed to remain in the kinematic region where perturbative QCD
should be applicable.
PDFs are parametrised at the input scale by the generic form
xf(x) = AxB(1− x)C(1 + ǫ√x+Dx+ Ex2). (4.1)
The parametrised PDFs are the gluon distribution xg, the valence quark distributions
xuv, xdv, and the u-type and d-type anti-quark distributions xU¯ , xD¯. Here xU¯ = xu¯,






A B C E
xg 6.8 0.22 9.0
xuv 3.7 0.67 4.7 9.7
xdv 2.2 0.67 4.3
xU¯ 0.113 −0.165 2.6
xD¯ 0.163 −0.165 2.4
Table 3. Central values of the HERAPDF1.0 parameters.
D and E parameters to zero (this leaves 9 parameters free) and then introducing them in
the ﬁt procedure, one at a time, to determine the best ﬁt. The best 10 parameter ﬁt has
Euv 6= 0. The other ǫ, D and E parameters are then added, one at a time, to determine the
best 11 parameter ﬁt. The 11 parameter ﬁts do not represent a signiﬁcant improvement in
ﬁt quality compared to the best 10 parameter ﬁt.4 The 10 parameter ﬁt, selected as the
central ﬁt, has a good χ2 per degree of freedom, 574/582, and satisﬁes the criteria that all
the PDFs are positive and they obey the valence quark approximation that xdv > xd¯ at
large x. The resulting parametrisations are
xg(x) = Agx
Bg(1− x)Cg , (4.2)
xuv(x) = Auvx
Buv (1− x)Cuv (1 + Euvx2) , (4.3)
xdv(x) = Advx
Bdv (1− x)Cdv , (4.4)
xU¯(x) = AU¯x
BU¯ (1− x)CU¯ , (4.5)
xD¯(x) = AD¯x
BD¯(1 − x)CD¯ . (4.6)
The normalisation parameters, Ag, Auv , Adv , are constrained by the quark number sum
rules and momentum sum rule. The B parameters BU¯ and BD¯ are set equal, BU¯ = BD¯,
such that there is a single B parameter for the sea distributions. The strange quark
distribution is expressed as x-independent fraction, fs, of the d-type sea, xs¯ = fsxD¯
at Q20. The central value fs = 0.31 is chosen to be consistent with determinations of
this fraction using neutrino-induced di-muon production [45, 53]. The further constraint
AU¯ = AD¯(1 − fs), together with the requirement BU¯ = BD¯, ensures that xu¯ → xd¯ as
x→ 0. For the central ﬁt, the valence B parameters, Buv and Bdv are also set equal, but
this assumption is dropped when parametrisation variations are considered. The central
values of the parameters are given in table 3.
Model uncertainties and parametrisation uncertainties of the central ﬁt solution are
evaluated by varying the input assumptions. The variation of numerical values chosen for
the central ﬁt is speciﬁed in table 4. The variation of fs is chosen to span the ranges
determined in [45, 53]. The variations of Q20 and fs are not independent, since QCD
evolution will ensure that the strangeness fraction increases as Q20 increases. The value
fs = 0.29 is used for Q
2
0 = 1.5 GeV
2 and the value fs = 0.34 is used for Q
2
0 = 2.5 GeV
2
in order to be consistent with the choice fs = 0.31 at Q
2
0 = 1.9 GeV
2. The variations
of Q20 and mc are also not independent, since Q0 < mc is required in the ﬁt programme.






Variation Standard Value Lower Limit Upper Limit
fs 0.31 0.23 0.38
mc [GeV] 1.4 1.35
(a) 1.65
mb [GeV] 4.75 4.3 5.0
Q2min [GeV
2] 3.5 2.5 5.0
Q20 [GeV





Table 4. Standard values of input parameters and the variations considered.




Q20 = 2.5 GeV
2 the charm mass used is mc = 1.6 GeV. In practice, the variations of fs, mc,
mb, mostly aﬀect the model uncertainty of the xs¯, xc¯, xb¯, quark distributions, respectively,
and have little eﬀect on other parton ﬂavours. The diﬀerence between the central ﬁt and
the ﬁts corresponding to model variations of mc, mb, fs, Q
2
min are added in quadrature,
separately for positive and negative deviations, and represent the model uncertainty of the
HERAPDF1.0 set.
The variation in Q20 is regarded as a parametrisation uncertainty, rather than a model
uncertainty. At the starting scale the gluon parametrisation is valence like. For the
downward variation of the starting scale, Q20 = 1.5 GeV
2, a parametrisation which ex-
plicitly allows for a negative gluon contribution at low x is considered: a term of the
form A′gx
B′g(1− x)C′g is subtracted from the gluon of the standard parametrisation, where
C ′g = 25 is ﬁxed5 and A′g and B′g are ﬁtted. The variations of Q20 mostly increase the
PDF uncertainties of the sea and gluon at small x. A further variation of parametrisation,
allowing Buv 6= Bdv , increases the uncertainties on the valence quarks at low x. Finally,
variation of the number of terms in the polynomial (1 + ǫ
√
x + Dx + Ex2) is considered
for each ﬁtted parton distribution. All the 11 parameter ﬁts which have Euv 6= 0 and one
more ǫ, D or E parameter non-zero are considered as possible variants.6 In practice only a
small number of them have signiﬁcantly diﬀerent PDF shapes from the central ﬁt, notably:
Duv 6= 0, DU¯ 6= 0 and DD¯ 6= 0. These variations mostly increase the PDF uncertainty at
high x, but the valence PDFs at low x are also aﬀected because of the constraint of the
quark number sum rules. The diﬀerence between all these parametrisation variations and
the central ﬁt is stored and an envelope representing the maximal deviation at each x value
is constructed to represent the parametrisation uncertainty. This parametrisation uncer-
tainty should be regarded as indicative rather than exhaustive, for example the reduction
on the high-x gluon uncertainty at x ≈ 0.5 is due to restrictions of the parameterisations
rather than a strong data constraint. The total PDF uncertainty is obtained by adding in
quadrature experimental, model and parametrisation uncertainties.
5The fit is not sensitive to this value provided it is high enough (C′g > 15) that the term does not
contribute at large x.







In summary, the HERAPDF1.0 analysis has two notable features. Firstly, it uses a
consistent data set with small correlated systematic uncertainties and applies the conven-
tional χ2 tolerance, ∆χ2 = 1, when determining the experimental uncertainties on the
PDFs. This data set includes four diﬀerent processes, NC and CC, e+p and e−p scat-
tering, such that there is suﬃcient information to extract xU¯, xD¯, xdv , xuv PDFs and the
gluon PDF from the scaling violations. Secondly, this analysis makes an assessment of
uncertainties introduced both by model assumptions and by assumptions about the form
of the parametrisation.
4.3 Fit results
Figures 13–15 show the HERAPDF1.0 distributions, xuv, xdv, xS, xg, as a function of x at
the starting scale Q2 = 1.9GeV2 and at Q2 = 10 and 10000GeV2, where xS = 2x(U¯ + D¯)
is the sea PDF. Note that for Q2 > m2c , xU¯ = xu¯+xc¯, and for Q
2 > m2b , xD¯ = xd¯+xs¯+xb¯,
so that the heavy quarks are included in the sea distributions. The break-up of xS into
the ﬂavours xusea = 2xu¯, xdsea = 2xd¯, xssea = 2xs¯, xcsea = 2xc¯, xbsea = 2xb¯ is illustrated
so that the relative importance of each ﬂavour at diﬀerent Q2 may be assessed. Fractional
uncertainty bands are shown below each PDF. The experimental, model and parametrisa-
tion uncertainties are shown separately. The model and parametrisation uncertainties are
asymmetric. For the sea and gluon distributions, the variations in parametrisation which
have non-zero ǫ, D and E aﬀect the large-x region, and the uncertainties arising from the
variation of Q20 and Q
2
min aﬀect the small-x region. In particular the parametrisation vari-
ation which includes a negative gluon term increases the uncertainty on the gluon at low
x and low Q2. However the gluon distribution itself is not negative in the ﬁtted kinematic
region. For the valence distributions the non-zero ǫ, D and E parametrisation uncertainty
is important for all x, and is their dominant uncertainty. The total uncertainties at low x
decrease with increasing Q2 due to QCD evolution and reach, for instance, 2% uncertainty
on xg at Q2 = 10000GeV2 and x < 0.01.
The break-up of the PDFs into diﬀerent ﬂavours is further illustrated in ﬁgures 16
and 17, where the quark distributions xU, xD, xU¯ , xD¯ and xu¯, xd¯, xc¯, xs¯ are shown at
Q2 = 10GeV2. The PDFs xU, xD, xU¯ , xD¯ are closely related to the measurements, see
equations (2.3), (2.9), and are very well constrained at low x. The U ﬂavour is better
constrained than the D ﬂavour because of the dominance of this ﬂavour in all interactions
except e+p CC scattering. The quark distributions xd¯, xs¯ are derived from xD¯ through the
assumption on the value of fs, and the uncertainty on xs¯ directly reﬂects the uncertainty
on this fraction. The uncertainty on xd¯ follows closely that on xD¯ and the uncertainty on
xu¯ follows closely that on xU¯ . The charm PDF, xc¯, is shown at Q2 = 10GeV2, so that the
condition Q2 ≫ m2c is fulﬁlled and it may be regarded as a fully active parton. However,
it is strongly related to the gluon density such that it is aﬀected by the same variations
which aﬀect the gluon PDF (variation of Q20 and Q
2
min) as well as by the variation of mc.
The dominant uncertainty on the charm PDF comes from the variation Q20 = 2.5 GeV
2.
The uncertainty on the bottom PDF, xb¯ (not shown), is dominated by the variation of mb.
Figure 18 shows summary plots of the HERAPDF1.0 distributions at the starting scale






such that the behaviour and the uncertainties of the PDFs at high x are emphasised.
A cross check of the sensitivity to the heavy-ﬂavour treatment is made by perform-
ing a ﬁt using an alternative general-mass variable-ﬂavour-number scheme, the ACOT
scheme [54]. The result of this ﬁt is shown for Q2 = 10GeV2 in ﬁgure 20. The PDFs
determined using the ACOT scheme are within the total uncertainty of the standard ﬁt.
The sensitivity of the HERAPDF1.0 ﬁt to the value of αS is estimated by varying αS
by ±0.002 [19]. Only the gluon PDF is signiﬁcantly aﬀected. The change of the gluon PDF
is outside the total uncertainty bands of the standard ﬁt, as illustrated in ﬁgure 21.
5 Conclusions
Inclusive cross sections of neutral and charged current e±p scattering measured by the H1
and ZEUS Collaborations are combined. The kinematic range of the NC data extends from
6 ·10−7 to 0.65 in Bjorken x for 0.045 ≤ Q2 ≤ 30000 GeV2 and inelasticity values y between
0.005 and 0.95. The CC data cover a range 0.013 ≤ x ≤ 0.4 and 300 ≤ Q2 ≤ 30000 GeV2
for y between 0.037 and 0.76. The combination comprises all inclusive data from the ﬁrst
period of the operation of HERA. The input data from H1 and ZEUS are consistent with
each other at χ2/ndof = 636.5/656. The total uncertainty of the combined data set reaches
1% for NC scattering in the best measured region, 20 < Q2 < 100GeV2.
A NLO QCD analysis is performed based exclusively on these combined e±p scat-
tering cross-section data. A new set of parton distribution functions, HERAPDF1.0, is
obtained using a variable-ﬂavour-number scheme. The analysis yields small experimental
uncertainties and includes estimates for model and parametrisation uncertainties. Due
to the precision of the combined data set, the parametrisation HERAPDF1.0 has total
uncertainties at the level of a few percent at low x.
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H1 E′e δ1 H1 NC [4] — δ1 H1 NC HY [5] — δ1 H1 NC [3] — δ1 H1 NC [5]
H1 Eh δ2 H1 CC [3] — δ2 H1 CC [5] — δ2 H1 CC [4] — δ3 H1 NC [4]
δ3 H1 NC HY [5] — δ3 H1 NC [3] — δ3 H1 NC [5]
H1 γp asymmetry δ6 H1 NC HY [5] — δ6 H1 NC [5]
H1 γp background δ4 H1 CC [3] — δ4 H1 CC [5] — δ4 H1 CC [4] — δ5 H1 NC [4]
δ5 H1 NC HY [5] — δ5 H1 NC [3] — δ5 H1 NC [5]
H1 θe δ2 H1 NC [4] — δ2 H1 NC HY [5] — δ2 H1 NC [5]
H1 CC cuts δ1 H1 CC [5] — δ1 H1 CC [4]
H1 LAr Noise δ3 H1 CC [3] — δ3 H1 CC [5] — δ3 H1 CC [4] — δ4 H1 NC [4]
δ4 H1 NC HY [5] — δ4 H1 NC [3] — δ4 H1 NC [5]
H1 Lumi 94− 97 δ5 H1 CC [3] — δ6 H1 NC [3]
H1 Lumi 98− 99 δ5 H1 CC [4] — δ6 H1 NC [4] — δ7 H1 NC HY [5]
H1 Lumi 99− 00 δ5 H1 CC [5] — δ7 H1 NC [5]
ZEUS E′e δ1 ZEUS NC [11] — δ1 ZEUS NC [13]
ZEUS Eh a δ1 ZEUS CC [12] — δ1 ZEUS CC [14]
ZEUS Eh b δ2 ZEUS CC [12] — δ2 ZEUS CC [14]
ZEUS Eh in BCAL δ2 ZEUS CC [10] — δ6 ZEUS NC [9]
ZEUS Eh in FCAL δ1 ZEUS CC [10] — δ5 ZEUS NC [9]
ZEUS δ cut δ8 ZEUS BPC [6] — δ1 ZEUS BPT [7]
ZEUS γp background δ2 ZEUS NC [11] — δ2 ZEUS NC [13]
ZEUS γp background δ9 ZEUS BPC [6] — δ14 ZEUS BPT [7] — δ8 ZEUS SVX [8]
ZEUS yh cut δ3 ZEUS BPC [6] — δ2 ZEUS BPT [7]
ZEUS BPC linearity δ5 ZEUS BPC [6] — δ9 ZEUS BPT [7]
ZEUS BPC shower δ4 ZEUS BPC [6] — δ3 ZEUS BPT [7]
ZEUS CAL energy δ2 ZEUS BPC [6] — δ12 ZEUS BPT [7] — δ9 ZEUS SVX [8]
ZEUS Cuts1 δ3 ZEUS NC [11] — δ3 ZEUS NC [13]
ZEUS Cuts2 δ4 ZEUS NC [11] — δ4 ZEUS NC [13]
ZEUS HFS model δ3 ZEUS CC [10] — δ3 ZEUS CC [12] — δ6 ZEUS NC [11]
δ6 ZEUS NC [13] — δ3 ZEUS CC [14]
ZEUS Lumi 94 − 97 δ4 ZEUS CC [10] — δ11 ZEUS NC [9]
ZEUS Lumi 98 − 99 δ4 ZEUS CC [12] — δ7 ZEUS NC [11]
ZEUS Lumi 99 − 00 δ9 ZEUS NC [13] — δ4 ZEUS CC [14]
Table 5. List of systematic sources that are correlated across the data samples. The type of the
systematic uncertainty is given in the “source” column. The labels δi denote the sources according
to the sequential ordering in the list of the correlated systematic uncertainties of the corresponding







Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
1 0.045 0.621 × 10−6 0.803 0.080 — 5.05 1.50 7.29 8.99 2.83 2.28 1.14 9.77 301
2 0.065 0.897 × 10−6 0.803 0.111 — 2.97 1.50 6.27 7.10 2.78 2.11 1.21 8.00 301
3 0.065 0.102 × 10−5 0.706 0.111 — 4.69 1.50 5.98 7.75 3.56 1.16 1.47 8.73 301
4 0.085 0.117 × 10−5 0.805 0.136 — 2.95 1.50 5.54 6.45 2.57 2.12 1.37 7.39 301
5 0.085 0.134 × 10−5 0.703 0.130 — 2.27 1.50 4.01 4.85 1.80 1.57 1.00 5.49 301
6 0.085 0.156 × 10−5 0.604 0.126 — 4.78 1.50 4.52 6.75 1.03 0.76 0.24 6.87 301
7 0.1 0.151 × 10−5 0.808 0.165 — 3.48 1.50 5.49 6.67 3.16 1.97 1.73 7.83 301
8 0.1 0.173 × 10−5 0.705 0.166 — 1.81 0.99 3.25 3.85 2.28 1.33 0.99 4.77 301
9 0.1 0.202 × 10−5 0.604 0.157 — 1.79 0.89 2.43 3.15 1.62 0.67 0.49 3.64 301
10 0.1 0.243 × 10−5 0.502 0.149 0.154 3.75 1.50 3.49 5.34 1.11 0.46 0.20 5.48 301
11 0.15 0.207 × 10−5 0.803 0.228 — 4.35 1.50 4.58 6.49 2.37 1.94 1.75 7.39 301
12 0.15 0.236 × 10−5 0.705 0.199 — 2.01 1.02 3.05 3.79 1.71 1.60 0.74 4.52 301
13 0.15 0.276 × 10−5 0.603 0.201 — 1.62 0.92 2.24 2.91 1.40 0.87 0.38 3.37 301
14 0.15 0.331 × 10−5 0.502 0.201 0.207 1.53 0.78 2.10 2.71 1.31 0.19 0.34 3.04 301
15 0.15 0.414 × 10−5 0.402 0.187 0.190 1.97 0.83 2.32 3.15 0.82 0.11 0.17 3.27 301
16 0.15 0.502 × 10−5 0.295 0.185 0.187 3.79 1.50 3.59 5.43 1.33 −0.24 0.32 5.60 319
17 0.2 0.315 × 10−5 0.704 0.250 — 2.48 0.94 2.96 3.98 1.89 1.50 0.99 4.76 301
18 0.2 0.368 × 10−5 0.603 0.246 — 1.98 0.94 2.10 3.04 1.39 0.72 0.37 3.44 301
19 0.2 0.441 × 10−5 0.503 0.240 0.247 1.62 0.74 1.97 2.66 1.15 0.36 0.17 2.92 301
20 0.2 0.552 × 10−5 0.402 0.235 0.240 1.48 0.65 1.84 2.45 1.18 0.04 0.30 2.74 301
21 0.2 0.669 × 10−5 0.295 0.227 0.229 1.65 0.78 1.63 2.45 0.86 −0.24 0.10 2.61 319
22 0.2 0.849 × 10−5 0.233 0.224 0.225 1.61 0.61 2.13 2.74 1.06 −0.19 0.27 2.96 319
23 0.2 0.110 × 10−4 0.180 0.208 0.209 2.78 1.50 2.79 4.21 0.95 −0.21 0.26 4.33 319
24 0.2 0.398 × 10−4 0.050 0.211 0.211 14.92 11.94 5.17 19.8 −0.54 −3.10 −4.60 20.57 319
25 0.2 0.251 × 10−3 0.008 0.181 0.181 13.45 6.17 2.96 15.1 −0.03 −1.23 2.59 15.36 319
26 0.25 0.394 × 10−5 0.703 0.280 — 4.09 1.50 2.83 5.19 1.78 1.28 0.89 5.71 301
27 0.25 0.460 × 10−5 0.603 0.280 — 2.09 0.92 2.58 3.44 1.67 1.27 0.36 4.05 301
28 0.25 0.552 × 10−5 0.502 0.282 0.291 1.79 0.92 1.87 2.74 1.27 0.27 0.28 3.05 301
29 0.25 0.690 × 10−5 0.402 0.276 0.281 1.56 0.79 1.84 2.54 1.18 0.02 0.21 2.81 301
30 0.25 0.836 × 10−5 0.295 0.266 0.269 1.45 0.73 1.85 2.46 1.17 −0.23 0.27 2.75 319
31 0.25 0.106 × 10−4 0.233 0.261 0.262 1.29 0.66 1.77 2.29 1.16 −0.32 0.21 2.59 319
32 0.25 0.138 × 10−4 0.179 0.250 0.251 1.26 0.71 1.78 2.30 1.22 −0.28 0.41 2.65 319
33 0.25 0.230 × 10−4 0.107 0.245 0.245 1.40 1.50 2.33 3.11 1.92 −0.18 1.96 4.15 319
34 0.25 0.398 × 10−4 0.062 0.237 0.237 3.32 1.54 2.74 4.57 0.79 −0.67 −0.96 4.79 319
35 0.25 0.110 × 10−3 0.022 0.200 0.200 3.95 1.50 2.45 4.88 0.81 −0.17 −0.04 4.95 319
36 0.25 0.251 × 10−3 0.010 0.196 0.196 3.74 1.44 3.23 5.15 −0.17 −0.25 −0.58 5.19 319
37 0.25 0.394 × 10−3 0.006 0.195 0.195 4.15 1.50 3.58 5.68 1.49 −0.22 0.79 5.93 319
38 0.25 0.158 × 10−2 0.002 0.199 0.199 10.97 5.29 2.36 12.4 0.14 −0.17 2.67 12.69 301
39 0.35 0.512 × 10−5 0.758 0.350 — 3.42 1.50 3.33 5.00 1.95 0.85 0.37 5.45 301
40 0.35 0.512 × 10−5 0.675 0.437 — 22.06 12.78 1.80 25.6 −0.15 −1.02 0.68 25.59 319
41 0.35 0.610 × 10−5 0.636 0.358 — 5.74 11.03 4.78 13.3 0.64 3.76 1.03 13.89 301
42 0.35 0.662 × 10−5 0.586 0.336 0.351 2.07 0.91 1.88 2.94 1.20 0.41 0.33 3.22 301
43 0.35 0.828 × 10−5 0.469 0.335 0.344 1.82 0.93 1.90 2.80 1.25 −0.07 0.21 3.07 301
44 0.35 0.100 × 10−4 0.346 0.348 0.353 1.62 0.79 1.73 2.50 1.20 −0.28 0.29 2.80 319
45 0.35 0.127 × 10−4 0.272 0.326 0.329 1.43 0.79 1.80 2.43 1.16 −0.29 0.20 2.72 319
46 0.35 0.165 × 10−4 0.210 0.316 0.317 1.21 0.63 1.82 2.27 1.20 −0.28 0.26 2.59 319
47 0.35 0.320 × 10−4 0.108 0.299 0.299 1.14 0.72 2.51 2.85 2.25 −0.39 2.05 4.19 319
48 0.35 0.662 × 10−4 0.052 0.283 0.284 2.62 1.50 1.65 3.44 0.45 −0.24 −0.18 3.48 319
49 0.35 0.130 × 10−3 0.027 0.259 0.259 2.52 1.43 1.46 3.24 0.75 −0.33 0.06 3.35 319
50 0.35 0.220 × 10−3 0.016 0.242 0.242 2.67 1.50 1.95 3.63 1.11 −0.34 0.16 3.81 319
51 0.35 0.500 × 10−3 0.007 0.242 0.242 2.51 1.42 1.75 3.37 1.31 −0.25 1.12 3.79 319
52 0.35 0.251 × 10−2 0.001 0.202 0.202 9.97 4.55 1.47 11.1 0.35 0.16 0.77 11.09 319
53 0.4 0.883 × 10−5 0.502 0.354 0.365 3.86 1.50 2.56 4.87 1.29 0.52 0.16 5.07 301
54 0.4 0.110 × 10−4 0.403 0.372 0.378 2.18 0.88 2.20 3.22 1.48 0.04 0.22 3.55 301
55 0.4 0.133 × 10−4 0.297 0.357 0.360 1.97 0.88 1.98 2.93 1.34 −0.27 0.29 3.25 319
56 0.4 0.170 × 10−4 0.233 0.355 0.357 1.66 0.83 1.81 2.59 1.18 −0.31 0.09 2.86 319
57 0.4 0.220 × 10−4 0.180 0.336 0.337 1.45 0.78 1.80 2.44 1.25 −0.32 0.42 2.79 319
58 0.4 0.368 × 10−4 0.107 0.332 0.333 1.26 0.77 2.49 2.89 2.27 −0.33 2.14 4.27 319
59 0.4 0.883 × 10−4 0.045 0.321 0.321 2.71 1.50 1.49 3.44 0.98 −0.26 0.41 3.61 319
60 0.4 0.176 × 10−3 0.022 0.288 0.288 2.78 1.50 1.70 3.59 0.72 −0.32 −0.22 3.68 319
61 0.4 0.294 × 10−3 0.013 0.277 0.277 2.74 1.50 1.59 3.51 0.99 −0.28 0.33 3.67 319
62 0.4 0.631 × 10−3 0.006 0.261 0.261 2.74 1.50 2.00 3.71 1.28 −0.28 0.38 3.95 319
Table 6. HERA combined reduced cross section σ+ aver for NC e
+p scattering. F ave2 represents
the structure function F2 calculated from σ
ave




2 ≥ 2GeV2 and assuming R ≡ FL/(F2 − FL) = 0.25 for Q2 < 2GeV2. F2
is given for y < 0.6. δave,stat, δave,uncor, δave,cor and δave,exp tot represent the statistical, uncorrelated
systematic, correlated systematic and total experimental uncertainty, respectively. δave,rel, δave,gp
and δave,had are the three correlated sources of uncertainties arising from the combination proce-
dure, see section 3.2.3. δave,tot is the total uncertainty calculated by adding δave,exp tot and the
procedural errors in quadrature. The uncertainties are quoted in percent relative to σ+ aver . The






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
63 0.5 0.732 × 10−5 0.675 0.428 — 5.55 5.73 4.17 9.01 −0.49 −2.46 −0.38 9.36 319
64 0.5 0.860 × 10−5 0.645 0.443 — 3.74 9.17 3.57 10.5 0.58 2.86 0.70 10.95 301
65 0.5 0.158 × 10−4 0.313 0.429 0.433 3.53 1.48 2.33 4.48 1.22 −0.17 0.14 4.65 319
66 0.5 0.212 × 10−4 0.233 0.392 0.394 2.06 0.80 1.95 2.94 1.12 −0.25 −0.05 3.16 319
67 0.5 0.276 × 10−4 0.179 0.379 0.380 1.71 0.76 1.94 2.69 1.35 −0.30 0.39 3.05 319
68 0.5 0.398 × 10−4 0.124 0.367 0.368 1.48 0.81 2.57 3.07 2.32 −0.52 2.05 4.39 319
69 0.5 0.100 × 10−3 0.049 0.349 0.349 1.74 1.45 1.50 2.71 0.69 −0.32 −0.10 2.82 319
70 0.5 0.251 × 10−3 0.020 0.308 0.308 1.87 1.43 1.55 2.82 0.41 −0.24 −0.36 2.88 319
71 0.5 0.368 × 10−3 0.013 0.301 0.301 2.02 1.50 1.61 2.99 0.80 −0.23 0.16 3.10 319
72 0.5 0.800 × 10−3 0.006 0.288 0.288 2.04 1.38 1.46 2.87 0.91 −0.18 0.49 3.05 319
73 0.5 0.320 × 10−2 0.002 0.183 0.183 11.35 6.39 1.23 13.1 0.25 0.32 0.55 13.10 301
74 0.65 0.952 × 10−5 0.675 0.465 — 4.02 2.90 2.56 5.58 −0.17 −1.33 0.23 5.74 319
75 0.65 0.112 × 10−4 0.643 0.514 — 4.25 2.62 2.90 5.77 0.86 2.58 0.69 6.42 301
76 0.65 0.158 × 10−4 0.407 0.464 0.472 3.09 5.44 1.51 6.44 0.13 −0.01 0.55 6.46 319
77 0.65 0.164 × 10−4 0.439 0.509 0.520 3.02 7.28 2.37 8.23 0.42 1.05 0.38 8.32 301
78 0.65 0.398 × 10−4 0.161 0.475 0.476 2.73 0.68 2.31 3.64 1.43 −0.14 0.14 3.92 319
79 0.65 0.598 × 10−4 0.107 0.420 0.420 1.99 0.74 3.14 3.79 2.69 −0.23 2.11 5.11 319
80 0.65 0.100 × 10−3 0.064 0.410 0.411 2.08 1.47 1.98 3.23 1.00 −0.50 0.16 3.42 319
81 0.65 0.251 × 10−3 0.026 0.362 0.362 2.14 1.39 1.62 3.02 0.77 −0.17 0.51 3.17 319
82 0.65 0.478 × 10−3 0.013 0.333 0.333 2.29 1.50 1.87 3.31 0.83 −0.30 0.31 3.44 319
83 0.65 0.800 × 10−3 0.008 0.319 0.319 2.14 1.35 1.57 2.97 0.64 −0.18 0.34 3.06 319
84 0.65 0.320 × 10−2 0.002 0.225 0.225 5.80 3.18 1.19 6.72 0.27 0.00 0.74 6.77 319
85 0.85 0.124 × 10−4 0.677 0.553 — 2.57 2.52 2.20 4.22 −0.10 −1.01 0.01 4.34 319
86 0.85 0.138 × 10−4 0.683 0.616 — 5.20 9.45 5.07 11.9 0.72 4.08 1.06 12.66 301
87 0.85 0.200 × 10−4 0.471 0.602 0.617 2.96 2.12 2.03 4.17 0.62 1.39 0.49 4.46 301
88 0.85 0.200 × 10−4 0.420 0.613 0.625 1.95 5.36 1.58 5.92 0.25 0.31 0.54 5.96 319
89 0.85 0.398 × 10−4 0.211 0.561 0.564 2.02 1.85 1.75 3.26 0.29 0.49 0.42 3.33 319
90 0.85 0.500 × 10−4 0.168 0.544 0.546 2.92 4.52 2.32 5.86 0.41 0.24 0.24 5.89 319
91 0.85 0.100 × 10−3 0.084 0.502 0.503 2.65 3.78 3.74 5.94 0.17 1.73 0.08 6.19 319
92 0.85 0.251 × 10−3 0.033 0.398 0.399 5.99 2.98 2.29 7.08 −0.01 0.73 0.83 7.16 319
93 0.85 0.800 × 10−3 0.010 0.351 0.351 4.60 2.67 1.40 5.50 0.33 0.46 0.26 5.53 319
94 0.85 0.320 × 10−2 0.003 0.309 0.309 4.53 2.83 0.94 5.42 0.24 0.14 −0.07 5.43 301
95 1.2 0.176 × 10−4 0.674 0.591 — 2.56 2.16 2.60 4.24 −0.19 −0.35 0.06 4.26 319
96 1.2 0.200 × 10−4 0.665 0.742 — 3.60 8.36 3.64 9.80 0.57 2.88 0.92 10.27 301
97 1.2 0.200 × 10−4 0.593 0.669 0.699 2.62 2.51 1.31 3.86 0.14 −0.13 0.60 3.91 319
98 1.2 0.320 × 10−4 0.416 0.667 0.680 2.75 1.79 2.02 3.85 0.59 1.53 0.50 4.22 301
99 1.2 0.320 × 10−4 0.371 0.688 0.698 1.67 2.73 1.27 3.44 0.20 0.16 0.50 3.49 319
100 1.2 0.631 × 10−4 0.188 0.651 0.653 1.39 1.46 1.37 2.44 0.38 0.47 0.44 2.55 319
101 1.2 0.800 × 10−4 0.148 0.598 0.600 2.04 1.36 1.85 3.07 0.39 0.36 0.21 3.12 319
102 1.2 0.130 × 10−3 0.091 0.545 0.545 2.42 4.97 1.55 5.74 0.21 0.35 0.09 5.75 319
103 1.2 0.158 × 10−3 0.075 0.534 0.534 1.54 1.35 1.38 2.48 0.69 0.54 0.37 2.65 319
104 1.2 0.398 × 10−3 0.030 0.495 0.495 2.11 3.36 1.30 4.18 0.17 0.43 0.67 4.26 319
105 1.2 0.130 × 10−2 0.009 0.374 0.374 3.54 2.67 1.33 4.63 0.37 0.26 −0.09 4.65 319
106 1.2 0.500 × 10−2 0.002 0.299 0.299 4.50 2.61 1.49 5.41 0.14 0.51 −0.58 5.46 319
107 1.5 0.185 × 10−4 0.800 0.602 — 3.19 3.48 6.12 7.72 −0.26 8.31 0.08 11.35 319
108 1.5 0.220 × 10−4 0.675 0.695 — 1.94 1.78 1.69 3.14 0.03 0.97 0.16 3.29 319
109 1.5 0.320 × 10−4 0.520 0.821 0.847 1.17 3.20 2.12 4.02 0.60 5.18 0.43 6.60 301
110 1.5 0.320 × 10−4 0.463 0.755 0.774 1.73 2.15 1.13 2.98 0.17 0.20 0.41 3.02 319
111 1.5 0.500 × 10−4 0.296 0.763 0.770 1.04 1.98 1.07 2.48 0.32 0.74 0.52 2.66 319
112 1.5 0.800 × 10−4 0.185 0.702 0.705 1.26 2.15 1.31 2.81 0.36 0.32 0.52 2.90 319
113 1.5 0.130 × 10−3 0.114 0.649 0.649 1.46 2.43 1.49 3.20 0.35 0.46 0.54 3.30 319
114 1.5 0.200 × 10−3 0.074 0.616 0.616 2.07 2.86 1.59 3.87 0.36 0.37 −0.01 3.91 319
115 1.5 0.320 × 10−3 0.046 0.580 0.580 1.48 2.26 1.55 3.12 0.20 0.58 1.02 3.34 319
116 1.5 0.500 × 10−3 0.030 0.550 0.550 2.51 7.05 1.83 7.70 0.23 0.11 0.29 7.71 319
117 1.5 0.800 × 10−3 0.019 0.493 0.493 2.36 2.47 1.29 3.65 0.34 0.38 0.11 3.69 319
118 1.5 0.100 × 10−2 0.015 0.465 0.465 5.21 3.74 1.31 6.55 0.38 0.02 0.56 6.58 319
119 1.5 0.320 × 10−2 0.005 0.412 0.412 2.30 2.04 1.34 3.36 0.43 0.18 −0.61 3.45 301
120 1.5 0.130 × 10−1 0.001 0.324 0.324 4.01 2.49 4.81 6.74 −0.29 1.08 −1.42 6.98 319
121 2. 0.247 × 10−4 0.800 0.766 — 2.33 2.70 4.62 5.84 −0.03 6.20 −0.06 8.52 319
122 2. 0.293 × 10−4 0.675 0.787 — 1.49 1.65 1.53 2.70 0.06 0.93 0.02 2.86 319
123 2. 0.327 × 10−4 0.678 0.855 — 2.66 2.13 2.86 4.45 0.81 3.72 0.56 5.88 301
124 2. 0.500 × 10−4 0.443 0.859 0.863 1.31 1.64 1.20 2.42 0.44 1.55 0.39 2.93 301
125 2. 0.500 × 10−4 0.395 0.825 0.830 1.52 1.93 0.91 2.62 0.23 0.29 0.33 2.67 319
126 2. 0.800 × 10−4 0.247 0.764 0.765 0.97 1.34 0.89 1.88 0.34 0.21 0.42 1.97 319
127 2. 0.130 × 10−3 0.152 0.727 0.727 1.10 1.30 0.98 1.97 0.32 0.17 0.31 2.03 319
128 2. 0.200 × 10−3 0.099 0.684 0.684 1.12 1.32 1.12 2.06 0.42 0.31 −0.05 2.12 319
129 2. 0.320 × 10−3 0.062 0.631 0.631 1.01 1.65 1.23 2.29 0.27 0.13 0.38 2.34 319
130 2. 0.500 × 10−3 0.040 0.578 0.578 1.17 2.04 1.30 2.69 0.25 −0.13 0.40 2.73 319
131 2. 0.100 × 10−2 0.020 0.512 0.512 0.98 1.79 1.00 2.28 0.28 0.08 −0.11 2.30 319
132 2. 0.320 × 10−2 0.006 0.428 0.428 1.07 1.89 1.40 2.59 0.40 0.17 −0.84 2.76 319
133 2. 0.130 × 10−1 0.002 0.358 0.358 2.39 2.13 3.97 5.10 −0.14 0.89 −1.21 5.32 301






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
134 2.7 0.309 × 10−4 0.864 0.855 — 2.47 2.67 3.33 4.93 0.06 4.62 0.25 6.76 319
135 2.7 0.366 × 10−4 0.729 0.881 — 2.29 2.29 1.72 3.67 0.09 2.19 0.05 4.27 319
136 2.7 0.409 × 10−4 0.732 0.975 — 1.54 6.21 1.93 6.68 0.57 4.64 0.61 8.18 301
137 2.7 0.500 × 10−4 0.599 0.894 0.913 1.06 1.27 1.30 2.11 0.77 2.43 0.54 3.35 301
138 2.7 0.500 × 10−4 0.534 0.882 0.901 1.51 1.65 0.93 2.42 0.17 0.41 0.10 2.46 319
139 2.7 0.800 × 10−4 0.374 0.892 0.899 3.28 1.00 1.81 3.87 0.39 0.65 0.75 4.02 301
140 2.7 0.800 × 10−4 0.333 0.886 0.892 0.72 1.03 0.73 1.45 0.29 0.40 0.30 1.56 319
141 2.7 0.130 × 10−3 0.205 0.804 0.806 0.62 0.87 0.69 1.28 0.40 −0.02 0.24 1.36 319
142 2.7 0.200 × 10−3 0.133 0.780 0.780 0.76 1.61 0.83 1.96 0.30 0.28 0.10 2.01 319
143 2.7 0.320 × 10−3 0.083 0.702 0.702 0.84 1.27 0.86 1.75 0.44 0.20 0.09 1.82 319
144 2.7 0.500 × 10−3 0.053 0.647 0.647 0.69 1.35 0.96 1.79 0.33 0.06 0.30 1.84 319
145 2.7 0.800 × 10−3 0.033 0.596 0.596 0.87 1.84 0.80 2.19 0.28 0.10 0.20 2.22 319
146 2.7 0.130 × 10−2 0.021 0.570 0.570 0.68 1.63 0.90 1.98 0.33 0.04 −0.16 2.02 319
147 2.7 0.200 × 10−2 0.013 0.484 0.484 0.90 2.74 0.90 3.02 0.22 0.16 0.33 3.05 319
148 2.7 0.500 × 10−2 0.005 0.460 0.460 0.74 1.82 1.37 2.40 0.38 0.24 −0.90 2.60 319
149 2.7 0.200 × 10−1 0.001 0.358 0.358 2.54 2.45 7.39 8.19 −0.52 1.25 −1.80 8.49 319
150 3.5 0.432 × 10−4 0.800 0.868 — 3.10 2.83 3.74 5.63 −0.07 4.91 −0.32 7.48 319
151 3.5 0.512 × 10−4 0.675 0.937 — 2.17 2.25 1.66 3.54 0.10 2.04 −0.01 4.09 319
152 3.5 0.573 × 10−4 0.677 1.017 — 1.94 3.35 2.64 4.69 1.16 4.70 0.56 6.76 301
153 3.5 0.800 × 10−4 0.485 0.979 0.997 0.98 1.22 1.02 1.87 0.37 1.71 0.43 2.59 301
154 3.5 0.800 × 10−4 0.432 0.954 0.972 1.26 1.67 0.80 2.24 0.21 0.37 0.14 2.28 319
155 3.5 0.130 × 10−3 0.266 0.922 0.928 0.66 0.86 0.67 1.27 0.27 0.14 0.26 1.33 319
156 3.5 0.200 × 10−3 0.173 0.858 0.860 0.68 0.83 0.69 1.28 0.27 −0.09 0.21 1.32 319
157 3.5 0.320 × 10−3 0.108 0.795 0.796 0.72 0.88 0.75 1.36 0.44 0.17 0.04 1.44 319
158 3.5 0.500 × 10−3 0.069 0.754 0.754 0.75 1.17 0.77 1.59 0.24 0.14 0.33 1.65 319
159 3.5 0.800 × 10−3 0.043 0.663 0.663 0.67 1.16 0.80 1.56 0.23 −0.22 0.24 1.61 319
160 3.5 0.130 × 10−2 0.027 0.627 0.627 0.87 1.38 0.86 1.84 0.29 0.20 0.17 1.88 319
161 3.5 0.200 × 10−2 0.017 0.571 0.571 0.51 0.87 0.73 1.24 0.33 0.03 0.15 1.30 319
162 3.5 0.800 × 10−2 0.004 0.463 0.463 0.59 1.12 1.03 1.64 0.38 0.13 0.00 1.68 319
163 4.5 0.618 × 10−4 0.720 0.957 — 3.13 2.78 3.52 5.47 0.16 4.80 0.70 7.32 319
164 4.5 0.732 × 10−4 0.607 1.018 — 1.60 2.21 1.11 2.94 0.13 1.06 −0.01 3.13 319
165 4.5 0.818 × 10−4 0.610 1.118 — 1.60 1.06 1.45 2.40 0.84 2.58 0.61 3.67 301
166 4.5 0.130 × 10−3 0.384 1.015 1.029 1.02 1.68 0.81 2.12 0.31 0.61 0.35 2.26 301
167 4.5 0.130 × 10−3 0.342 1.031 1.045 1.30 1.00 0.70 1.78 0.30 0.33 0.21 1.85 319
168 4.5 0.200 × 10−3 0.222 0.967 0.972 0.74 0.91 0.71 1.37 0.32 −0.02 0.25 1.42 319
169 4.5 0.320 × 10−3 0.139 0.898 0.899 0.80 0.96 0.66 1.41 0.22 0.00 0.14 1.44 319
170 4.5 0.500 × 10−3 0.089 0.800 0.801 0.83 0.88 0.74 1.42 0.46 −0.02 0.25 1.52 319
171 4.5 0.800 × 10−3 0.056 0.724 0.724 0.82 1.29 0.76 1.70 0.22 −0.11 0.16 1.73 319
172 4.5 0.130 × 10−2 0.034 0.669 0.669 0.85 1.31 0.87 1.78 0.26 0.00 0.09 1.80 319
173 4.5 0.200 × 10−2 0.022 0.618 0.618 0.88 1.31 0.79 1.77 0.20 −0.34 0.24 1.83 319
174 4.5 0.320 × 10−2 0.014 0.575 0.575 0.67 1.23 0.86 1.64 0.28 0.10 0.29 1.70 319
175 4.5 0.130 × 10−1 0.003 0.432 0.432 0.71 1.86 1.46 2.46 0.25 0.34 0.74 2.61 319
176 6.5 0.803 × 10−4 0.800 1.078 — 3.11 2.64 2.44 4.76 0.08 3.33 0.12 5.81 319
177 6.5 0.951 × 10−4 0.757 1.165 — 2.41 0.99 2.80 3.82 0.70 4.23 0.47 5.76 301
178 6.5 0.951 × 10−4 0.675 1.050 — 2.96 2.31 1.64 4.10 0.09 2.09 0.03 4.60 319
179 6.5 0.130 × 10−3 0.554 1.180 1.227 1.11 0.60 1.04 1.63 0.43 1.84 0.39 2.53 301
180 6.5 0.130 × 10−3 0.494 1.122 1.167 1.67 2.22 0.83 2.90 0.17 0.20 0.01 2.91 319
181 6.5 0.200 × 10−3 0.360 1.118 1.134 1.15 1.41 0.78 1.98 0.32 0.29 0.41 2.07 301
182 6.5 0.200 × 10−3 0.321 1.131 1.147 1.08 0.63 0.69 1.43 0.20 0.29 0.24 1.49 319
183 6.5 0.320 × 10−3 0.201 1.006 1.010 0.78 0.73 0.67 1.26 0.25 −0.18 0.10 1.31 319
184 6.5 0.500 × 10−3 0.128 0.938 0.939 0.74 1.16 0.73 1.56 0.22 0.17 0.13 1.59 319
185 6.5 0.800 × 10−3 0.080 0.857 0.857 0.79 0.89 0.73 1.40 0.36 0.01 0.30 1.47 319
186 6.5 0.130 × 10−2 0.049 0.761 0.761 0.80 1.08 0.72 1.52 0.21 −0.02 0.11 1.54 319
187 6.5 0.200 × 10−2 0.032 0.699 0.699 0.75 0.87 0.69 1.34 0.11 −0.05 0.30 1.38 319
188 6.5 0.320 × 10−2 0.020 0.644 0.644 0.67 1.20 0.83 1.61 0.25 0.07 0.11 1.63 319
189 6.5 0.500 × 10−2 0.013 0.581 0.581 0.94 0.85 0.89 1.54 0.16 0.05 0.28 1.58 319
190 6.5 0.130 × 10−1 0.005 0.485 0.485 0.68 1.82 1.25 2.31 0.24 0.24 0.81 2.47 319
191 6.5 0.200 × 10−1 0.003 0.497 0.497 1.14 1.89 1.59 2.72 0.26 −0.03 0.39 2.76 319
192 8.5 0.105 × 10−3 0.800 1.178 — 3.72 2.80 2.14 5.13 0.10 2.88 0.45 5.90 319
193 8.5 0.124 × 10−3 0.675 1.209 — 2.26 2.28 1.05 3.38 0.12 0.92 −0.04 3.50 319
194 8.5 0.139 × 10−3 0.678 1.181 — 1.59 1.25 2.32 3.08 0.84 5.61 0.51 6.47 301
195 8.5 0.200 × 10−3 0.471 1.221 1.258 1.07 0.81 0.83 1.58 0.31 1.07 0.27 1.95 301
196 8.5 0.200 × 10−3 0.420 1.178 1.213 1.52 2.22 0.79 2.80 0.18 0.03 −0.01 2.81 319
197 8.5 0.320 × 10−3 0.262 1.115 1.126 0.85 0.84 0.66 1.36 0.32 −0.05 0.16 1.41 319
198 8.5 0.500 × 10−3 0.168 1.022 1.026 0.81 0.93 0.67 1.40 0.22 −0.19 0.15 1.44 319
199 8.5 0.800 × 10−3 0.105 0.936 0.937 0.88 0.80 0.69 1.38 0.23 −0.03 0.09 1.40 319
200 8.5 0.130 × 10−2 0.065 0.844 0.845 0.91 0.83 0.68 1.41 0.23 0.02 0.25 1.45 319
201 8.5 0.200 × 10−2 0.042 0.773 0.773 0.98 1.32 0.76 1.81 0.19 −0.02 0.14 1.83 319
202 8.5 0.320 × 10−2 0.026 0.664 0.664 1.03 1.33 0.82 1.87 0.17 −0.22 0.27 1.91 319
203 8.5 0.500 × 10−2 0.017 0.635 0.635 0.76 1.25 0.80 1.67 0.25 0.03 0.37 1.73 319
204 8.5 0.200 × 10−1 0.004 0.458 0.458 0.82 1.85 1.58 2.57 0.14 0.42 0.44 2.64 319






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
205 10. 0.130 × 10−3 0.853 1.141 — 4.39 1.41 3.68 5.90 1.21 4.94 0.71 7.83 301
206 10. 0.200 × 10−3 0.554 1.248 1.306 2.10 1.33 1.34 2.83 0.57 1.54 0.23 3.28 301
207 10. 0.320 × 10−3 0.309 1.153 1.169 1.90 1.12 0.84 2.36 0.37 0.28 −0.03 2.41 319
208 10. 0.500 × 10−3 0.198 1.069 1.074 1.77 1.19 0.76 2.26 0.17 −0.06 −0.22 2.28 319
209 10. 0.800 × 10−3 0.124 0.983 0.985 1.83 1.31 0.73 2.37 0.20 −0.11 −0.09 2.38 319
210 10. 0.130 × 10−2 0.076 0.898 0.899 2.11 1.21 0.93 2.61 −0.01 0.01 −0.03 2.61 319
211 10. 0.200 × 10−2 0.049 0.809 0.809 2.03 1.77 0.80 2.81 0.23 0.04 0.39 2.85 319
212 10. 0.500 × 10−2 0.020 0.633 0.633 1.11 0.77 0.82 1.58 0.19 0.02 0.47 1.66 319
213 10. 0.200 × 10−1 0.005 0.516 0.516 1.05 1.27 1.28 2.09 0.33 −0.01 0.51 2.17 319
214 12. 0.161 × 10−3 0.826 1.238 — 4.10 3.78 0.93 5.65 0.34 0.21 0.04 5.67 301
215 12. 0.200 × 10−3 0.665 1.293 — 1.19 1.34 1.86 2.59 0.80 2.58 0.35 3.75 301
216 12. 0.200 × 10−3 0.593 1.314 1.414 1.21 0.71 2.41 2.79 0.28 2.59 0.12 3.82 319
217 12. 0.320 × 10−3 0.416 1.233 1.262 0.78 1.51 0.85 1.90 0.39 0.63 0.27 2.06 301
218 12. 0.320 × 10−3 0.371 1.233 1.262 0.81 0.59 0.74 1.25 0.27 0.55 0.13 1.40 319
219 12. 0.500 × 10−3 0.237 1.153 1.163 0.54 0.66 0.65 1.07 0.27 0.13 0.09 1.12 319
220 12. 0.800 × 10−3 0.148 1.056 1.059 0.68 0.56 0.64 1.08 0.25 −0.01 0.13 1.12 319
221 12. 0.130 × 10−2 0.091 0.941 0.942 1.02 0.83 0.65 1.47 0.21 −0.08 0.18 1.50 319
222 12. 0.200 × 10−2 0.059 0.856 0.857 1.03 0.94 0.65 1.54 0.10 −0.02 0.15 1.55 319
223 12. 0.320 × 10−2 0.037 0.757 0.758 1.12 1.36 0.75 1.91 0.17 −0.13 0.27 1.94 319
224 12. 0.500 × 10−2 0.024 0.682 0.682 0.85 1.26 0.80 1.72 0.22 0.08 0.13 1.74 319
225 12. 0.200 × 10−1 0.006 0.492 0.492 0.90 1.85 1.27 2.41 0.17 0.35 0.46 2.49 319
226 15. 0.200 × 10−3 0.831 1.270 — 3.19 3.61 0.93 4.91 0.34 0.21 0.04 4.92 301
227 15. 0.246 × 10−3 0.676 1.370 — 1.17 1.52 1.39 2.37 0.51 1.94 0.38 3.13 301
228 15. 0.320 × 10−3 0.520 1.300 1.355 0.94 1.36 0.92 1.90 0.47 1.07 0.11 2.23 301
229 15. 0.320 × 10−3 0.463 1.324 1.380 0.84 0.70 1.35 1.74 0.26 1.32 0.12 2.20 319
230 15. 0.500 × 10−3 0.296 1.217 1.235 0.47 0.65 0.66 1.04 0.29 0.21 0.11 1.10 319
231 15. 0.800 × 10−3 0.185 1.115 1.121 0.47 0.63 0.65 1.02 0.27 0.09 0.05 1.06 319
232 15. 0.130 × 10−2 0.114 0.988 0.990 0.51 0.65 0.69 1.08 0.27 0.04 0.11 1.12 319
233 15. 0.200 × 10−2 0.074 0.875 0.876 0.53 0.66 0.72 1.11 0.26 0.04 0.24 1.17 319
234 15. 0.320 × 10−2 0.046 0.789 0.789 0.56 0.78 0.70 1.18 0.26 0.05 0.22 1.23 319
235 15. 0.500 × 10−2 0.030 0.718 0.718 0.59 0.62 0.65 1.08 0.24 0.04 0.29 1.14 319
236 15. 0.800 × 10−2 0.019 0.636 0.636 0.50 0.73 0.67 1.11 0.25 0.04 0.22 1.16 319
237 15. 0.200 × 10−1 0.007 0.532 0.532 0.69 0.93 1.10 1.59 0.26 0.03 0.25 1.63 319
238 18. 0.268 × 10−3 0.745 1.332 — 3.24 3.67 0.92 4.98 0.34 0.21 0.04 4.99 301
239 18. 0.328 × 10−3 0.608 1.375 — 1.25 1.67 1.03 2.32 0.45 1.07 0.31 2.62 301
240 18. 0.500 × 10−3 0.399 1.276 1.305 0.93 1.00 0.86 1.62 0.51 0.90 0.19 1.93 301
241 18. 0.500 × 10−3 0.356 1.277 1.306 0.73 0.70 0.79 1.29 0.26 0.53 0.14 1.42 319
242 18. 0.800 × 10−3 0.222 1.168 1.177 0.46 0.59 0.65 0.99 0.27 0.12 0.10 1.04 319
243 18. 0.130 × 10−2 0.137 1.052 1.054 0.46 0.63 0.66 1.02 0.28 0.08 0.07 1.06 319
244 18. 0.200 × 10−2 0.089 0.950 0.951 0.51 0.62 0.69 1.06 0.25 0.05 0.07 1.09 319
245 18. 0.320 × 10−2 0.056 0.836 0.837 0.53 0.65 0.66 1.07 0.25 0.04 0.21 1.12 319
246 18. 0.500 × 10−2 0.036 0.750 0.750 0.56 0.60 0.65 1.05 0.24 0.03 0.24 1.10 319
247 18. 0.800 × 10−2 0.022 0.668 0.668 0.45 0.66 0.70 1.06 0.25 0.04 0.24 1.12 319
248 18. 0.200 × 10−1 0.009 0.539 0.539 0.55 1.76 1.11 2.15 0.28 0.04 0.32 2.19 319
249 22. 0.500 × 10−3 0.488 1.342 1.392 2.56 1.22 1.13 3.05 1.10 1.33 0.46 3.54 301
250 22. 0.800 × 10−3 0.272 1.269 1.284 2.19 0.65 0.80 2.42 0.25 0.31 0.04 2.46 319
251 22. 0.130 × 10−2 0.167 1.071 1.075 2.25 1.40 0.86 2.79 0.23 −0.07 −0.24 2.81 319
252 22. 0.200 × 10−2 0.109 1.019 1.021 2.71 0.77 0.85 2.94 0.61 −0.01 0.30 3.02 319
253 22. 0.320 × 10−2 0.068 0.906 0.906 2.55 1.18 0.74 2.90 0.01 0.06 −0.20 2.91 319
254 22. 0.500 × 10−2 0.043 0.774 0.774 2.36 0.89 0.71 2.63 0.24 0.00 0.39 2.67 319
255 22. 0.800 × 10−2 0.027 0.660 0.660 2.42 0.93 0.76 2.70 0.42 0.04 0.57 2.79 319
256 22. 0.130 × 10−1 0.017 0.591 0.591 1.93 1.83 1.07 2.87 0.14 0.00 0.14 2.88 319
257 22. 0.320 × 10−1 0.007 0.523 0.523 1.80 1.61 1.39 2.79 0.41 −0.04 0.89 2.96 319
258 27. 0.335 × 10−3 0.894 1.402 — 4.09 3.92 0.91 5.74 0.34 0.21 0.05 5.75 301
259 27. 0.410 × 10−3 0.730 1.417 — 1.15 2.10 1.08 2.63 0.43 1.06 0.16 2.87 301
260 27. 0.500 × 10−3 0.599 1.418 1.508 1.15 1.46 0.83 2.03 0.57 0.81 0.28 2.28 301
261 27. 0.500 × 10−3 0.534 1.420 1.510 0.94 0.75 1.08 1.61 0.26 0.98 0.15 1.91 319
262 27. 0.800 × 10−3 0.374 1.296 1.322 2.45 0.83 0.77 2.70 0.51 0.48 0.30 2.80 301
263 27. 0.800 × 10−3 0.333 1.298 1.324 0.47 0.72 0.65 1.08 0.27 0.15 0.13 1.13 319
264 27. 0.130 × 10−2 0.205 1.164 1.172 0.47 0.65 0.66 1.04 0.28 0.09 0.09 1.08 319
265 27. 0.200 × 10−2 0.133 1.054 1.056 0.52 0.64 0.67 1.06 0.25 0.05 0.08 1.09 319
266 27. 0.320 × 10−2 0.083 0.920 0.921 0.53 0.66 0.68 1.08 0.25 0.04 0.21 1.13 319
267 27. 0.500 × 10−2 0.053 0.806 0.806 0.54 0.65 0.67 1.08 0.28 0.04 0.21 1.14 319
268 27. 0.800 × 10−2 0.033 0.712 0.712 0.57 0.66 0.67 1.10 0.25 0.04 0.23 1.16 319
269 27. 0.130 × 10−1 0.021 0.639 0.639 0.55 0.67 0.71 1.12 0.25 0.03 0.26 1.17 319
270 27. 0.200 × 10−1 0.013 0.581 0.581 0.84 0.77 0.85 1.42 0.26 0.04 0.27 1.47 319
271 27. 0.320 × 10−1 0.008 0.529 0.529 0.62 1.78 1.34 2.31 0.30 0.05 0.30 2.35 319
272 35. 0.574 × 10−3 0.676 1.521 — 1.36 2.01 0.92 2.60 0.40 0.71 0.11 2.72 301
273 35. 0.800 × 10−3 0.485 1.407 1.460 0.95 0.81 0.83 1.50 0.79 0.72 0.21 1.85 301
274 35. 0.800 × 10−3 0.432 1.395 1.447 0.83 0.74 0.78 1.36 0.25 0.38 0.14 1.44 319
275 35. 0.130 × 10−2 0.266 1.234 1.248 0.54 0.51 0.64 0.98 0.31 0.11 0.04 1.04 319
276 35. 0.200 × 10−2 0.173 1.108 1.113 0.55 0.57 0.64 1.02 0.30 0.08 0.05 1.07 319
277 35. 0.320 × 10−2 0.108 0.976 0.978 0.58 0.59 0.69 1.08 0.20 0.02 0.08 1.10 319
278 35. 0.500 × 10−2 0.069 0.857 0.858 0.60 0.54 0.67 1.05 0.27 0.04 0.23 1.11 319
279 35. 0.800 × 10−2 0.043 0.751 0.751 0.60 0.58 0.67 1.07 0.28 0.04 0.27 1.14 319
280 35. 0.130 × 10−1 0.027 0.666 0.666 0.65 0.62 0.68 1.13 0.25 0.03 0.28 1.19 319
281 35. 0.200 × 10−1 0.017 0.595 0.595 0.64 0.63 0.78 1.19 0.30 0.03 0.20 1.25 319
282 35. 0.320 × 10−1 0.011 0.519 0.519 0.80 0.93 1.22 1.73 0.58 0.04 0.41 1.87 319
283 35. 0.800 × 10−1 0.004 0.450 0.450 1.79 3.54 2.39 4.63 0.37 0.06 0.07 4.64 319






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
284 45. 0.800 × 10−3 0.624 1.493 — 1.80 1.45 1.41 2.71 0.70 1.23 0.72 3.14 301
285 45. 0.800 × 10−3 0.556 1.468 1.571 1.38 0.89 0.80 1.82 0.25 0.51 0.17 1.91 319
286 45. 0.130 × 10−2 0.384 1.317 1.344 0.95 0.61 0.78 1.37 0.56 0.12 −0.10 1.49 301
287 45. 0.130 × 10−2 0.342 1.316 1.343 0.87 0.76 0.65 1.32 0.25 0.14 0.14 1.36 319
288 45. 0.200 × 10−2 0.222 1.163 1.172 0.61 0.57 0.63 1.05 0.28 0.07 0.08 1.09 319
289 45. 0.320 × 10−2 0.139 1.017 1.019 0.62 0.55 0.65 1.05 0.27 0.05 0.10 1.09 319
290 45. 0.500 × 10−2 0.089 0.903 0.904 0.65 0.52 0.64 1.05 0.22 0.02 0.18 1.09 319
291 45. 0.800 × 10−2 0.056 0.785 0.786 0.67 0.53 0.65 1.07 0.24 0.05 0.07 1.10 319
292 45. 0.130 × 10−1 0.034 0.683 0.683 0.70 0.60 0.65 1.13 0.30 0.03 0.28 1.21 319
293 45. 0.200 × 10−1 0.022 0.604 0.604 0.72 0.56 0.73 1.17 0.24 0.02 0.25 1.22 319
294 45. 0.320 × 10−1 0.014 0.536 0.536 1.09 0.85 0.77 1.58 0.25 0.04 0.25 1.62 319
295 45. 0.500 × 10−1 0.009 0.488 0.488 0.91 1.82 1.44 2.50 0.31 0.04 0.22 2.53 319
296 60. 0.130 × 10−2 0.512 1.407 1.465 1.30 0.55 0.84 1.64 0.80 0.43 0.21 1.89 301
297 60. 0.130 × 10−2 0.456 1.394 1.451 1.30 0.89 0.69 1.72 0.24 0.16 0.16 1.75 319
298 60. 0.200 × 10−2 0.296 1.255 1.273 0.67 0.56 0.63 1.08 0.30 0.10 0.01 1.12 319
299 60. 0.320 × 10−2 0.185 1.088 1.093 0.68 0.53 0.63 1.07 0.21 0.05 0.04 1.09 319
300 60. 0.500 × 10−2 0.119 0.947 0.948 0.71 0.52 0.65 1.09 0.19 0.05 0.09 1.11 319
301 60. 0.800 × 10−2 0.074 0.824 0.824 0.73 0.56 0.65 1.13 0.29 0.05 0.26 1.19 319
302 60. 0.130 × 10−1 0.046 0.711 0.711 0.78 0.62 0.69 1.21 0.30 0.05 0.31 1.29 319
303 60. 0.200 × 10−1 0.030 0.635 0.635 0.82 0.67 0.71 1.27 0.30 0.03 0.25 1.33 319
304 60. 0.320 × 10−1 0.019 0.555 0.555 0.89 0.70 0.74 1.36 0.27 0.05 0.26 1.41 319
305 60. 0.500 × 10−1 0.012 0.511 0.511 0.95 1.46 1.17 2.10 0.38 0.04 0.35 2.16 319
306 60. 0.130 0.005 0.396 0.396 2.95 3.88 2.05 5.28 0.32 0.00 0.20 5.30 301
307 70. 0.130 × 10−2 0.597 1.453 1.541 1.76 0.60 0.98 2.10 0.91 0.33 0.46 2.36 301
308 70. 0.200 × 10−2 0.388 1.274 1.300 1.72 0.33 0.84 1.94 0.31 0.27 −0.06 1.98 301
309 70. 0.320 × 10−2 0.216 1.103 1.110 1.66 0.46 0.70 1.86 0.33 0.03 −0.11 1.89 319
310 70. 0.500 × 10−2 0.138 0.999 1.001 1.54 0.43 0.68 1.74 0.29 0.00 0.15 1.77 319
311 70. 0.800 × 10−2 0.086 0.824 0.825 1.61 0.48 0.66 1.81 0.24 0.00 0.23 1.84 319
312 70. 0.130 × 10−1 0.053 0.720 0.720 1.88 0.51 0.77 2.10 0.38 0.03 0.67 2.23 319
313 70. 0.200 × 10−1 0.035 0.640 0.640 1.77 0.67 0.70 2.02 0.32 0.05 0.54 2.11 319
314 70. 0.320 × 10−1 0.022 0.564 0.564 2.10 0.92 0.76 2.41 0.00 0.01 −0.23 2.42 319
315 70. 0.500 × 10−1 0.014 0.513 0.513 1.61 0.90 1.16 2.18 0.28 0.11 0.29 2.22 319
316 90. 0.130 × 10−2 0.684 1.446 — 1.60 3.50 1.42 4.10 0.11 0.02 0.13 4.11 319
317 90. 0.200 × 10−2 0.499 1.261 1.308 1.97 0.35 0.93 2.21 0.90 0.27 0.07 2.40 301
318 90. 0.200 × 10−2 0.445 1.321 1.371 1.20 1.05 0.72 1.74 0.37 0.02 −0.05 1.78 319
319 90. 0.320 × 10−2 0.278 1.176 1.189 0.84 0.61 0.66 1.23 0.26 0.06 0.09 1.26 319
320 90. 0.500 × 10−2 0.178 1.035 1.039 0.79 0.59 0.64 1.17 0.34 0.05 0.08 1.22 319
321 90. 0.800 × 10−2 0.111 0.891 0.892 0.86 0.56 0.69 1.24 0.28 0.02 0.01 1.27 319
322 90. 0.130 × 10−1 0.068 0.759 0.759 0.90 0.69 0.70 1.33 0.24 0.04 0.23 1.37 319
323 90. 0.200 × 10−1 0.044 0.654 0.654 0.94 0.62 0.71 1.33 0.27 0.04 0.42 1.42 319
324 90. 0.320 × 10−1 0.028 0.561 0.561 1.00 0.73 0.73 1.44 0.24 0.03 0.25 1.48 319
325 90. 0.500 × 10−1 0.018 0.491 0.490 1.27 0.71 0.93 1.73 0.07 0.06 0.06 1.73 319
326 90. 0.800 × 10−1 0.011 0.439 0.438 1.23 0.92 0.95 1.81 0.31 0.06 0.37 1.88 319
327 90. 0.180 0.005 0.344 0.344 3.05 3.04 1.92 4.72 1.47 −0.23 1.28 5.11 319
328 120. 0.160 × 10−2 0.741 1.401 — 1.80 2.70 1.22 3.47 −0.07 0.03 0.07 3.47 319
329 120. 0.200 × 10−2 0.665 1.336 — 2.22 0.77 1.19 2.64 1.19 0.09 0.49 2.93 301
330 120. 0.200 × 10−2 0.593 1.313 1.412 1.51 2.00 1.27 2.81 0.34 −0.02 −0.15 2.84 319
331 120. 0.320 × 10−2 0.416 1.186 1.213 1.92 0.73 0.80 2.20 0.76 0.03 −0.03 2.33 301
332 120. 0.320 × 10−2 0.371 1.212 1.239 1.30 1.80 1.03 2.45 0.24 0.01 −0.08 2.46 319
333 120. 0.500 × 10−2 0.237 1.046 1.053 1.17 0.59 0.77 1.52 0.22 0.05 0.00 1.54 319
334 120. 0.800 × 10−2 0.148 0.910 0.912 1.07 0.59 0.67 1.39 0.25 0.06 0.11 1.42 319
335 120. 0.130 × 10−1 0.091 0.780 0.780 1.12 0.65 0.71 1.48 0.36 0.01 0.15 1.53 319
336 120. 0.200 × 10−1 0.059 0.671 0.671 1.10 0.66 0.75 1.49 0.24 0.01 0.51 1.59 319
337 120. 0.320 × 10−1 0.037 0.577 0.577 1.25 0.74 0.75 1.63 0.23 0.04 0.34 1.68 319
338 120. 0.500 × 10−1 0.024 0.489 0.488 1.25 0.69 0.87 1.67 0.12 0.05 0.04 1.68 319
339 120. 0.800 × 10−1 0.015 0.443 0.442 1.35 0.63 1.18 1.90 0.34 0.05 0.25 1.95 319
340 120. 0.180 0.007 0.333 0.333 2.37 2.69 1.51 3.89 0.90 −0.14 −0.26 4.01 301
341 150. 0.200 × 10−2 0.741 1.389 — 2.00 2.70 1.28 3.60 −0.18 0.03 0.02 3.60 319
342 150. 0.320 × 10−2 0.520 1.204 1.250 1.82 0.89 0.99 2.25 0.87 0.10 0.32 2.44 301
343 150. 0.320 × 10−2 0.463 1.201 1.247 1.21 2.10 1.04 2.64 0.32 0.01 −0.20 2.66 319
344 150. 0.500 × 10−2 0.296 1.058 1.071 1.08 0.87 0.69 1.54 0.26 −0.01 0.05 1.57 319
345 150. 0.800 × 10−2 0.185 0.915 0.919 1.33 0.89 0.71 1.76 0.25 0.03 0.33 1.81 319
346 150. 0.130 × 10−1 0.114 0.807 0.807 1.98 0.51 1.03 2.29 0.45 −0.03 0.30 2.35 319
347 150. 0.200 × 10−1 0.074 0.693 0.693 1.67 0.68 0.88 2.01 0.30 0.03 0.54 2.11 319
348 150. 0.320 × 10−1 0.046 0.588 0.588 1.87 0.80 0.96 2.25 0.10 −0.05 0.53 2.31 319
349 150. 0.500 × 10−1 0.030 0.512 0.512 1.78 1.08 0.88 2.26 0.14 0.04 0.10 2.27 319
350 150. 0.800 × 10−1 0.019 0.446 0.446 1.72 0.88 1.09 2.22 0.19 0.06 0.35 2.26 319
351 150. 0.180 0.008 0.325 0.325 2.56 2.19 1.61 3.73 0.93 −0.12 −0.30 3.86 319
352 200. 0.260 × 10−2 0.760 1.286 — 2.20 2.60 1.08 3.57 0.18 0.03 0.09 3.58 319
353 200. 0.320 × 10−2 0.693 1.171 — 3.80 2.00 1.30 4.48 1.40 0.17 0.56 4.73 301
354 200. 0.320 × 10−2 0.618 1.221 — 1.92 2.20 1.21 3.16 0.30 −0.02 0.08 3.18 319
355 200. 0.500 × 10−2 0.443 1.074 1.100 1.89 0.88 0.85 2.25 0.68 0.03 −0.04 2.35 301
356 200. 0.500 × 10−2 0.395 1.103 1.129 1.14 0.69 0.93 1.62 0.34 0.02 0.00 1.66 319
357 200. 0.800 × 10−2 0.247 0.934 0.940 0.92 0.58 0.73 1.31 0.17 0.04 0.06 1.33 319
358 200. 0.130 × 10−1 0.152 0.806 0.807 0.94 0.46 0.69 1.25 0.27 0.03 0.22 1.30 319
359 200. 0.200 × 10−1 0.099 0.698 0.698 1.13 0.64 0.71 1.48 0.11 0.02 0.25 1.51 319
360 200. 0.320 × 10−1 0.062 0.586 0.586 1.20 0.82 0.71 1.62 0.15 0.04 0.40 1.67 319
361 200. 0.500 × 10−1 0.040 0.521 0.521 1.25 0.73 0.73 1.62 0.04 0.02 0.12 1.63 319
362 200. 0.800 × 10−1 0.025 0.431 0.431 1.16 0.47 0.99 1.59 −0.07 0.08 0.34 1.63 319
363 200. 0.130 0.015 0.355 0.355 2.56 3.20 1.78 4.47 0.38 0.00 0.23 4.49 319
364 200. 0.180 0.011 0.331 0.331 1.75 1.20 1.82 2.80 1.06 −0.06 −0.24 3.00 319
365 200. 0.250 0.008 0.273 0.273 3.60 4.20 2.67 6.14 1.36 −0.03 0.30 6.30 319
366 200. 0.400 0.005 0.139 0.139 4.61 4.30 5.09 8.10 2.35 −0.08 −0.93 8.49 319






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
367 250. 0.330 × 10−2 0.749 1.247 — 2.50 2.70 1.23 3.88 0.08 0.03 −0.12 3.89 319
368 250. 0.500 × 10−2 0.554 1.079 1.123 2.29 1.61 0.97 2.97 1.02 0.06 0.18 3.14 301
369 250. 0.500 × 10−2 0.494 1.102 1.148 1.61 2.10 0.90 2.80 0.07 0.02 −0.12 2.80 319
370 250. 0.800 × 10−2 0.309 0.953 0.964 1.04 0.69 0.72 1.44 0.32 0.03 0.03 1.48 319
371 250. 0.130 × 10−1 0.190 0.825 0.828 1.07 0.64 0.71 1.44 0.11 0.04 0.21 1.46 319
372 250. 0.200 × 10−1 0.124 0.701 0.701 1.18 0.79 0.70 1.59 0.20 0.03 0.10 1.60 319
373 250. 0.320 × 10−1 0.077 0.592 0.591 1.25 0.85 0.74 1.68 0.35 0.03 0.31 1.74 319
374 250. 0.500 × 10−1 0.049 0.521 0.521 1.22 0.80 0.74 1.64 0.10 0.03 0.26 1.66 319
375 250. 0.800 × 10−1 0.031 0.432 0.432 1.18 0.64 0.97 1.66 0.14 0.05 0.17 1.67 319
376 250. 0.130 0.019 0.342 0.341 1.77 2.68 0.93 3.34 0.54 0.01 0.35 3.40 319
377 250. 0.180 0.014 0.325 0.325 1.70 0.78 1.29 2.27 0.79 0.01 0.46 2.45 319
378 250. 0.250 0.010 0.263 0.263 2.13 3.68 2.21 4.79 2.16 −0.03 0.00 5.26 319
379 250. 0.400 0.006 0.140 0.139 3.13 3.97 4.32 6.65 3.26 −0.08 −0.70 7.44 319
380 300. 0.390 × 10−2 0.760 1.185 — 2.71 2.70 1.05 3.96 0.06 0.03 −0.12 3.97 319
381 300. 0.500 × 10−2 0.665 1.127 — 2.94 2.64 0.93 4.06 0.46 0.14 0.32 4.10 301
382 300. 0.500 × 10−2 0.593 1.124 1.197 2.51 2.60 1.08 3.77 −0.04 0.00 0.16 3.77 319
383 300. 0.800 × 10−2 0.416 0.982 1.000 2.29 1.12 0.88 2.70 0.58 0.07 0.07 2.76 301
384 300. 0.800 × 10−2 0.371 0.971 0.989 1.46 0.94 0.93 1.96 0.24 0.03 −0.02 1.98 319
385 300. 0.130 × 10−1 0.228 0.818 0.822 1.15 0.71 0.71 1.53 0.26 0.02 0.04 1.55 319
386 300. 0.200 × 10−1 0.148 0.699 0.700 1.28 0.90 0.72 1.72 0.36 0.03 0.10 1.76 319
387 300. 0.320 × 10−1 0.093 0.613 0.613 1.32 0.90 0.75 1.76 0.15 0.03 0.32 1.80 319
388 300. 0.500 × 10−1 0.059 0.503 0.503 1.35 0.81 0.74 1.74 0.30 0.02 0.12 1.77 319
389 300. 0.800 × 10−1 0.037 0.434 0.433 1.29 0.64 0.77 1.63 0.15 0.04 0.14 1.65 319
390 300. 0.130 0.023 0.353 0.352 1.85 3.03 1.01 3.69 0.81 0.01 0.22 3.79 319
391 300. 0.180 0.016 0.318 0.318 1.82 0.93 0.88 2.23 0.32 0.06 0.36 2.28 319
392 300. 0.250 0.012 0.263 0.262 2.13 4.45 2.35 5.47 2.12 −0.03 0.04 5.86 319
393 300. 0.400 0.007 0.155 0.155 3.25 5.38 3.69 7.28 3.46 −0.07 −0.60 8.09 319
394 400. 0.530 × 10−2 0.746 1.158 — 2.90 2.90 1.04 4.23 0.16 0.03 −0.05 4.24 319
395 400. 0.800 × 10−2 0.554 0.961 0.996 2.63 1.77 0.78 3.27 0.40 0.13 0.02 3.29 301
396 400. 0.800 × 10−2 0.494 1.023 1.060 1.70 0.91 1.09 2.22 0.41 0.02 −0.03 2.25 319
397 400. 0.130 × 10−1 0.341 0.859 0.867 2.95 0.57 0.74 3.10 0.48 0.04 0.15 3.14 301
398 400. 0.130 × 10−1 0.304 0.846 0.854 1.50 1.09 0.76 2.00 0.25 0.03 0.02 2.02 319
399 400. 0.200 × 10−1 0.198 0.711 0.713 1.46 0.93 0.72 1.88 0.12 0.05 0.12 1.88 319
400 400. 0.320 × 10−1 0.124 0.607 0.607 1.47 0.94 0.72 1.89 0.34 0.02 0.15 1.93 319
401 400. 0.500 × 10−1 0.079 0.509 0.509 1.47 0.83 0.73 1.84 0.24 0.03 0.32 1.88 319
402 400. 0.800 × 10−1 0.049 0.444 0.444 1.48 0.78 0.77 1.85 −0.01 0.04 0.17 1.85 319
403 400. 0.130 0.030 0.363 0.362 1.60 0.86 0.77 1.97 0.31 0.05 0.24 2.01 319
404 400. 0.250 0.016 0.257 0.256 1.86 1.38 1.19 2.60 1.22 −0.03 0.07 2.87 319
405 400. 0.400 0.010 0.160 0.160 3.65 3.70 3.66 6.36 2.67 −0.07 −0.48 6.91 319
406 500. 0.660 × 10−2 0.749 1.016 — 3.31 2.90 0.92 4.49 0.19 0.03 −0.09 4.50 319
407 500. 0.800 × 10−2 0.693 1.011 — 4.23 5.00 1.05 6.63 0.02 0.00 0.28 6.64 301
408 500. 0.800 × 10−2 0.618 1.029 — 3.51 3.00 1.06 4.73 0.00 0.01 0.10 4.74 319
409 500. 0.130 × 10−1 0.426 0.883 0.898 3.34 5.00 0.98 6.09 0.15 0.03 −0.04 6.10 301
410 500. 0.130 × 10−1 0.380 0.884 0.900 2.42 2.70 1.01 3.76 0.53 0.02 −0.22 3.81 319
411 500. 0.200 × 10−1 0.247 0.737 0.741 2.00 2.07 0.80 2.99 0.12 0.03 0.06 2.99 319
412 500. 0.320 × 10−1 0.154 0.623 0.623 2.01 2.05 0.76 2.97 0.17 0.03 0.03 2.98 319
413 500. 0.500 × 10−1 0.099 0.517 0.516 2.11 2.25 1.01 3.25 0.54 0.03 −0.05 3.29 319
414 500. 0.800 × 10−1 0.062 0.438 0.437 2.22 2.18 0.85 3.23 0.13 0.03 0.28 3.24 319
415 500. 0.130 0.038 0.347 0.346 2.64 2.24 1.16 3.65 0.00 0.04 0.47 3.68 319
416 500. 0.180 0.027 0.291 0.290 2.96 2.95 1.16 4.34 0.74 0.01 0.33 4.41 319
417 500. 0.250 0.020 0.254 0.253 3.59 3.47 2.32 5.51 2.83 −0.03 −0.25 6.20 319
418 500. 0.400 0.012 0.166 0.165 5.10 5.86 4.50 8.98 4.31 −0.10 −0.21 9.96 319
419 650. 0.850 × 10−2 0.848 0.922 — 4.63 1.82 1.33 5.15 1.41 0.09 0.48 5.36 301
420 650. 0.850 × 10−2 0.756 0.986 — 3.81 3.70 0.91 5.38 −0.09 0.03 −0.05 5.39 319
421 650. 0.130 × 10−1 0.554 0.846 0.874 2.65 1.13 0.76 2.98 0.34 0.04 −0.09 3.00 301
422 650. 0.130 × 10−1 0.494 0.851 0.880 1.94 0.88 0.92 2.32 0.22 0.03 0.04 2.33 319
423 650. 0.200 × 10−1 0.360 0.702 0.709 4.15 3.70 0.96 5.64 0.20 0.03 0.05 5.64 301
424 650. 0.200 × 10−1 0.321 0.745 0.753 1.92 0.83 0.70 2.20 0.25 0.04 0.05 2.22 319
425 650. 0.320 × 10−1 0.201 0.615 0.617 1.82 0.95 0.72 2.18 0.30 0.04 0.09 2.20 319
426 650. 0.500 × 10−1 0.128 0.512 0.512 1.85 0.92 0.72 2.18 0.26 0.02 0.28 2.22 319
427 650. 0.800 × 10−1 0.080 0.446 0.446 1.86 0.92 0.70 2.19 0.26 0.04 0.15 2.21 319
428 650. 0.130 0.049 0.364 0.363 2.05 0.96 0.77 2.39 0.41 0.05 0.28 2.44 319
429 650. 0.180 0.036 0.303 0.302 3.34 3.45 1.30 4.98 1.10 0.01 0.30 5.10 319
430 650. 0.250 0.026 0.252 0.251 2.45 1.42 0.95 2.99 0.86 0.02 0.08 3.11 319
431 650. 0.400 0.016 0.144 0.144 5.40 3.20 3.08 6.99 3.36 −0.20 −0.95 7.82 319
432 650. 0.650 0.010 0.022 0.022 13.82 7.79 5.57 16.8 3.81 −0.11 −1.37 17.30 319
433 800. 0.105 × 10−1 0.753 0.947 — 4.50 4.20 0.94 6.23 0.48 0.02 −0.01 6.25 319
434 800. 0.130 × 10−1 0.682 0.890 — 3.45 1.49 0.86 3.85 1.10 −0.01 0.12 4.01 301
435 800. 0.130 × 10−1 0.608 0.850 — 2.43 1.05 1.05 2.85 0.48 0.02 0.06 2.89 319
436 800. 0.200 × 10−1 0.443 0.737 0.751 4.12 2.30 0.84 4.79 0.35 0.04 −0.15 4.81 301
437 800. 0.200 × 10−1 0.395 0.752 0.766 2.55 1.32 0.92 3.02 0.02 0.04 0.09 3.02 319
438 800. 0.320 × 10−1 0.247 0.642 0.645 2.06 1.01 0.69 2.39 0.45 0.03 0.09 2.44 319
439 800. 0.500 × 10−1 0.158 0.516 0.516 2.05 0.99 0.73 2.39 0.31 0.03 0.26 2.43 319
440 800. 0.800 × 10−1 0.099 0.448 0.447 2.17 1.04 0.78 2.53 0.25 0.03 0.32 2.56 319
441 800. 0.130 0.061 0.362 0.361 2.40 0.99 0.77 2.71 0.27 0.03 0.17 2.73 319
442 800. 0.180 0.044 0.325 0.324 3.76 3.09 0.97 4.97 0.51 0.02 0.27 5.00 319
443 800. 0.250 0.032 0.256 0.255 2.89 1.12 1.01 3.26 0.99 0.05 0.27 3.42 319
444 800. 0.400 0.020 0.130 0.129 5.98 3.41 2.48 7.31 2.54 −0.13 −0.50 7.76 319
445 800. 0.650 0.012 0.020 0.020 12.11 7.21 5.31 15.1 4.05 −0.12 −0.72 15.61 319






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
446 1000. 0.130 × 10−1 0.760 0.871 — 5.04 3.70 1.31 6.39 0.41 −0.02 −0.06 6.40 319
447 1000. 0.200 × 10−1 0.554 0.738 0.762 5.46 3.70 1.00 6.67 0.11 0.01 −0.07 6.67 301
448 1000. 0.200 × 10−1 0.494 0.732 0.756 3.93 3.00 0.97 5.04 0.28 0.02 −0.29 5.06 319
449 1000. 0.320 × 10−1 0.309 0.637 0.644 3.29 2.46 1.00 4.23 0.43 0.03 −0.09 4.25 319
450 1000. 0.500 × 10−1 0.198 0.556 0.557 3.21 2.35 0.78 4.05 0.27 0.03 −0.03 4.06 319
451 1000. 0.800 × 10−1 0.124 0.444 0.444 3.35 2.28 0.81 4.13 0.16 0.03 0.26 4.15 319
452 1000. 0.130 0.076 0.394 0.393 3.99 2.65 0.95 4.88 0.45 0.03 0.04 4.90 319
453 1000. 0.180 0.055 0.327 0.326 4.35 2.68 0.79 5.17 0.45 0.02 0.24 5.19 319
454 1000. 0.250 0.040 0.256 0.255 4.90 3.36 1.33 6.09 1.03 0.00 0.33 6.18 319
455 1000. 0.400 0.025 0.125 0.124 7.64 5.71 2.88 9.96 3.01 −0.05 −0.17 10.41 319
456 1000. 0.650 0.015 0.019 0.019 13.98 7.73 5.35 16.8 6.73 −0.12 −0.07 18.14 319
457 1200. 0.140 × 10−1 0.950 0.875 — 5.50 1.05 1.30 5.75 1.40 0.11 0.43 5.93 301
458 1200. 0.140 × 10−1 0.847 0.838 — 3.53 0.90 2.47 4.40 0.19 0.06 0.06 4.40 319
459 1200. 0.200 × 10−1 0.665 0.705 — 4.18 1.13 0.71 4.39 0.37 0.09 −0.03 4.41 301
460 1200. 0.200 × 10−1 0.593 0.786 0.826 2.87 1.04 0.98 3.20 0.29 0.03 0.00 3.22 319
461 1200. 0.320 × 10−1 0.416 0.591 0.601 3.95 1.51 0.70 4.29 −0.03 0.08 0.09 4.29 301
462 1200. 0.320 × 10−1 0.371 0.649 0.660 2.80 1.11 0.88 3.14 0.32 0.03 −0.01 3.15 319
463 1200. 0.500 × 10−1 0.237 0.516 0.519 2.17 0.69 0.70 2.38 0.31 0.02 0.22 2.41 319
464 1200. 0.800 × 10−1 0.148 0.453 0.453 2.22 0.68 0.70 2.43 0.29 0.03 0.21 2.46 319
465 1200. 0.130 0.091 0.368 0.366 2.45 0.62 0.82 2.66 0.43 0.04 0.21 2.70 319
466 1200. 0.180 0.066 0.328 0.326 4.93 2.53 0.92 5.62 0.31 0.03 0.42 5.64 319
467 1200. 0.250 0.047 0.248 0.247 2.75 0.78 0.81 2.97 0.58 0.04 0.14 3.03 319
468 1200. 0.400 0.030 0.137 0.136 4.30 2.24 1.71 5.14 1.87 −0.04 −0.19 5.48 319
469 1200. 0.650 0.018 0.021 0.021 13.76 7.84 4.47 16.5 5.89 −0.20 −0.51 17.49 319
470 1500. 0.200 × 10−1 0.831 0.731 — 6.00 3.87 0.89 7.20 0.28 0.02 0.19 7.21 301
471 1500. 0.200 × 10−1 0.741 0.689 — 3.89 1.31 1.51 4.37 0.52 0.01 0.04 4.40 319
472 1500. 0.320 × 10−1 0.520 0.557 0.575 6.44 2.29 0.78 6.88 0.11 0.06 −0.05 6.88 301
473 1500. 0.320 × 10−1 0.463 0.620 0.639 3.54 1.27 0.81 3.85 0.17 0.03 0.00 3.85 319
474 1500. 0.500 × 10−1 0.296 0.553 0.560 2.58 0.87 0.73 2.82 0.22 0.02 0.07 2.83 319
475 1500. 0.800 × 10−1 0.185 0.446 0.448 2.63 0.96 0.73 2.89 0.37 0.02 0.21 2.93 319
476 1500. 0.130 0.114 0.341 0.340 3.41 1.11 0.79 3.68 0.17 0.04 0.17 3.68 319
477 1500. 0.180 0.082 0.318 0.316 3.32 0.92 0.79 3.53 0.50 0.03 0.11 3.57 319
478 1500. 0.250 0.059 0.255 0.253 3.82 1.53 0.86 4.20 0.81 0.03 0.16 4.28 319
479 1500. 0.400 0.037 0.124 0.123 5.66 2.31 1.47 6.29 1.91 −0.04 0.23 6.58 319
480 1500. 0.650 0.023 0.013 0.013 18.46 6.82 3.77 20.0 5.50 −0.01 −1.43 20.82 319
481 2000. 0.320 × 10−1 0.693 0.595 — 6.11 2.45 0.75 6.63 0.12 −0.02 −0.04 6.63 301
482 2000. 0.320 × 10−1 0.618 0.624 — 4.13 1.47 1.49 4.63 0.18 0.03 0.02 4.64 319
483 2000. 0.500 × 10−1 0.443 0.496 0.510 5.68 1.70 0.71 5.97 0.32 0.02 0.04 5.98 301
484 2000. 0.500 × 10−1 0.395 0.503 0.516 4.16 1.34 0.80 4.45 0.29 0.03 0.06 4.46 319
485 2000. 0.800 × 10−1 0.247 0.433 0.437 3.16 0.90 0.72 3.37 0.15 0.03 0.22 3.38 319
486 2000. 0.130 0.152 0.370 0.370 3.61 1.18 0.73 3.87 0.42 0.02 0.17 3.90 319
487 2000. 0.180 0.110 0.316 0.314 3.90 1.10 0.75 4.13 0.31 0.03 0.08 4.14 319
488 2000. 0.250 0.079 0.239 0.236 4.47 1.47 0.81 4.78 0.56 0.04 0.08 4.81 319
489 2000. 0.400 0.049 0.128 0.126 6.19 2.60 1.61 6.91 2.31 −0.03 −0.01 7.28 319
490 2000. 0.650 0.030 0.021 0.021 19.26 9.70 4.66 22.1 12.3 −0.10 0.19 25.29 319
491 3000. 0.500 × 10−1 0.665 0.522 — 5.63 2.20 0.79 6.10 0.05 0.03 −0.19 6.10 301
492 3000. 0.500 × 10−1 0.593 0.540 0.582 4.20 1.84 0.85 4.66 0.28 0.03 −0.07 4.67 319
493 3000. 0.800 × 10−1 0.416 0.445 0.461 5.78 1.98 0.71 6.15 0.03 0.01 0.00 6.15 301
494 3000. 0.800 × 10−1 0.371 0.417 0.432 4.38 1.53 0.84 4.72 0.48 0.02 −0.04 4.74 319
495 3000. 0.130 0.228 0.343 0.347 4.16 1.57 0.80 4.52 0.26 0.03 0.22 4.53 319
496 3000. 0.180 0.165 0.303 0.303 4.23 1.66 0.82 4.62 0.53 0.02 0.09 4.65 319
497 3000. 0.250 0.119 0.218 0.215 5.14 1.64 0.92 5.47 0.84 0.02 0.11 5.54 319
498 3000. 0.400 0.074 0.121 0.118 6.41 2.58 1.33 7.04 1.39 0.02 0.22 7.18 319
499 3000. 0.650 0.046 0.016 0.016 12.48 4.23 2.37 13.4 3.24 0.01 −0.36 13.78 319
500 5000. 0.800 × 10−1 0.693 0.362 — 6.86 2.22 0.77 7.25 0.30 0.17 −0.10 7.26 301
501 5000. 0.800 × 10−1 0.618 0.419 — 4.46 1.62 0.97 4.84 0.41 0.03 −0.01 4.86 319
502 5000. 0.130 0.426 0.332 0.353 7.83 2.14 0.87 8.16 0.63 0.03 0.22 8.19 301
503 5000. 0.130 0.380 0.350 0.372 5.48 1.72 0.81 5.80 0.24 0.03 0.03 5.81 319
504 5000. 0.180 0.274 0.264 0.271 4.91 1.47 0.71 5.18 0.31 0.03 0.14 5.19 319
505 5000. 0.250 0.198 0.235 0.235 5.51 2.09 0.82 5.95 1.62 0.02 0.23 6.17 319
506 5000. 0.400 0.124 0.120 0.117 7.14 2.08 0.86 7.48 0.67 0.04 0.05 7.51 319
507 5000. 0.650 0.076 0.010 0.010 27.08 12.77 3.65 30.2 4.19 −0.05 1.06 30.47 319
508 8000. 0.130 0.682 0.256 — 10.94 3.07 0.70 11.4 0.35 0.04 −0.01 11.39 301
509 8000. 0.130 0.608 0.321 — 7.20 2.09 1.07 7.57 0.32 0.03 0.04 7.58 319
510 8000. 0.180 0.493 0.277 0.311 10.95 3.44 0.92 11.5 0.41 0.03 0.24 11.52 301
511 8000. 0.180 0.439 0.299 0.336 7.44 2.33 0.86 7.84 1.17 0.03 −0.03 7.93 319
512 8000. 0.250 0.355 0.231 0.243 11.80 3.15 1.39 12.3 1.08 −0.01 0.11 12.34 301
513 8000. 0.250 0.316 0.208 0.219 8.93 2.82 1.22 9.44 0.64 0.03 0.04 9.46 319
514 8000. 0.400 0.198 0.101 0.100 9.99 3.55 0.94 10.6 0.84 0.03 −0.10 10.67 319
515 8000. 0.650 0.122 0.017 0.016 17.17 6.60 2.00 18.5 7.35 −0.01 0.11 19.91 319
516 12000. 0.180 0.739 0.208 — 17.37 2.43 0.88 17.6 0.87 0.03 0.25 17.59 301
517 12000. 0.180 0.659 0.291 — 10.20 2.87 1.72 10.7 0.77 0.02 0.15 10.76 319
518 12000. 0.250 0.532 0.150 0.179 20.21 3.46 0.73 20.5 0.31 0.02 0.03 20.51 301
519 12000. 0.250 0.474 0.154 0.183 15.27 4.11 1.01 15.8 1.10 0.01 −0.13 15.88 319
520 12000. 0.400 0.296 0.073 0.076 15.58 4.59 1.05 16.3 2.73 0.02 −0.05 16.50 319
521 12000. 0.650 0.182 0.017 0.016 33.62 18.57 3.59 38.6 2.17 −0.01 0.69 38.65 319






Bin Q2 x y σ+ ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
522 20000. 0.250 0.887 0.135 — 30.72 3.58 0.96 30.9 0.85 0.02 0.36 30.96 301
523 20000. 0.250 0.791 0.096 — 22.47 2.01 2.50 22.7 0.63 0.05 0.14 22.71 319
524 20000. 0.400 0.554 0.116 0.146 31.65 7.66 1.29 32.6 1.60 −0.01 −0.51 32.63 301
525 20000. 0.400 0.494 0.047 0.059 35.20 7.96 2.49 36.2 0.21 0.01 −0.03 36.17 319
526 20000. 0.650 0.304 0.014 0.014 50.08 28.03 4.07 57.5 7.64 −0.01 −0.23 58.04 319
527 30000. 0.400 0.831 0.110 — 66.01 5.29 1.46 66.2 0.54 0.00 0.25 66.24 301
528 30000. 0.400 0.741 0.086 — 35.54 4.75 13.06 38.2 5.53 −0.07 0.09 38.56 319






Bin Q2 x y σ− ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
1 90. 0.130 × 10−2 0.684 1.372 — 4.00 5.50 1.72 7.01 −0.26 0.01 −0.10 7.02 319
2 90. 0.200 × 10−2 0.445 1.257 1.292 3.43 3.30 1.87 5.11 0.57 −0.04 −0.26 5.15 319
3 120. 0.160 × 10−2 0.741 1.343 — 4.20 4.80 1.69 6.60 −0.07 0.01 −0.16 6.60 319
4 120. 0.200 × 10−2 0.593 1.317 1.390 3.31 3.20 1.95 5.00 0.23 −0.05 0.26 5.01 319
5 120. 0.320 × 10−2 0.371 1.192 1.211 3.01 3.20 1.59 4.67 0.39 −0.01 −0.15 4.69 319
6 150. 0.200 × 10−2 0.741 1.331 — 4.41 4.80 1.54 6.70 0.24 0.00 −0.20 6.71 319
7 150. 0.320 × 10−2 0.463 1.204 1.238 2.72 3.00 1.78 4.42 0.43 −0.02 −0.49 4.47 319
8 150. 0.500 × 10−2 0.296 1.137 1.147 2.82 3.00 1.64 4.43 −0.05 0.00 −0.15 4.43 319
9 150. 0.800 × 10−2 0.185 0.949 0.951 4.14 5.40 3.51 7.65 −1.25 0.00 0.30 7.76 319
10 200. 0.260 × 10−2 0.760 1.186 — 4.80 4.80 1.68 6.99 0.17 0.01 −0.19 7.00 319
11 200. 0.320 × 10−2 0.618 1.273 — 4.10 3.50 2.06 5.77 0.05 −0.03 −0.01 5.77 319
12 200. 0.500 × 10−2 0.395 1.129 1.147 2.09 1.27 1.47 2.86 0.05 0.00 −0.24 2.87 319
13 200. 0.800 × 10−2 0.247 0.940 0.943 2.10 1.15 1.35 2.76 0.14 0.00 −0.11 2.76 319
14 200. 0.130 × 10−1 0.152 0.826 0.826 2.17 1.20 1.39 2.84 −0.04 0.00 0.05 2.84 319
15 200. 0.200 × 10−1 0.099 0.707 0.706 2.66 1.54 1.35 3.35 −0.10 0.00 0.04 3.36 319
16 200. 0.320 × 10−1 0.062 0.581 0.580 2.92 1.65 1.37 3.62 −0.09 0.00 0.10 3.63 319
17 200. 0.500 × 10−1 0.040 0.500 0.499 2.90 1.26 1.49 3.49 0.13 0.00 0.03 3.50 319
18 200. 0.800 × 10−1 0.025 0.419 0.418 2.66 1.18 1.68 3.36 0.22 0.00 0.05 3.37 319
19 200. 0.180 0.011 0.319 0.319 3.86 2.00 1.51 4.60 0.28 0.00 0.00 4.61 319
20 250. 0.330 × 10−2 0.749 1.125 — 5.70 4.90 1.78 7.73 0.40 0.00 −0.19 7.74 319
21 250. 0.500 × 10−2 0.494 1.117 1.148 2.79 1.79 1.53 3.65 0.25 −0.01 −0.27 3.67 319
22 250. 0.800 × 10−2 0.309 0.994 1.001 2.39 1.50 1.43 3.17 0.04 0.00 −0.13 3.17 319
23 250. 0.130 × 10−1 0.190 0.844 0.844 2.48 1.38 1.47 3.19 0.16 0.00 −0.08 3.20 319
24 250. 0.200 × 10−1 0.124 0.697 0.696 2.72 1.58 1.35 3.42 0.17 0.00 0.05 3.42 319
25 250. 0.320 × 10−1 0.077 0.598 0.596 2.87 1.57 1.45 3.58 0.44 0.00 0.15 3.61 319
26 250. 0.500 × 10−1 0.049 0.511 0.509 2.87 1.42 1.40 3.50 0.15 0.01 0.14 3.50 319
27 250. 0.800 × 10−1 0.031 0.428 0.427 2.74 1.62 1.53 3.54 0.18 0.01 0.03 3.54 319
28 250. 0.130 0.019 0.317 0.316 5.25 5.20 1.64 7.57 0.67 −0.01 0.42 7.61 319
29 250. 0.180 0.014 0.299 0.299 4.05 4.45 1.45 6.19 0.23 0.00 0.00 6.20 319
30 250. 0.250 0.010 0.231 0.231 7.40 8.60 1.95 11.5 1.18 −0.03 0.44 11.58 319
31 250. 0.400 0.006 0.140 0.140 9.22 6.80 1.62 11.6 0.50 −0.02 −0.05 11.58 319
32 300. 0.390 × 10−2 0.760 1.071 — 6.09 4.90 1.64 7.99 −0.15 0.01 −0.02 7.99 319
33 300. 0.500 × 10−2 0.593 1.153 1.203 5.60 3.90 1.76 7.05 0.41 −0.02 0.00 7.06 319
34 300. 0.800 × 10−2 0.371 1.001 1.011 2.92 1.72 1.31 3.63 0.00 0.00 −0.21 3.64 319
35 300. 0.130 × 10−1 0.228 0.856 0.857 2.75 1.43 1.44 3.41 0.01 0.00 −0.12 3.42 319
36 300. 0.200 × 10−1 0.148 0.725 0.723 3.05 1.60 1.41 3.72 0.24 0.00 −0.01 3.73 319
37 300. 0.320 × 10−1 0.093 0.592 0.590 3.16 1.71 1.33 3.83 0.19 0.00 0.03 3.83 319
38 300. 0.500 × 10−1 0.059 0.521 0.519 3.20 1.63 1.38 3.85 0.14 0.00 0.00 3.85 319
39 300. 0.800 × 10−1 0.037 0.426 0.425 3.09 1.26 1.39 3.62 0.42 0.00 0.05 3.64 319
40 300. 0.130 0.023 0.336 0.335 5.37 6.70 1.58 8.73 0.44 0.00 0.26 8.74 319
41 300. 0.180 0.016 0.310 0.309 4.16 2.25 1.51 4.97 0.22 0.00 −0.02 4.97 319
42 300. 0.250 0.012 0.287 0.286 6.78 9.40 2.35 11.8 1.60 −0.03 0.51 11.94 319
43 300. 0.400 0.007 0.146 0.145 10.21 8.90 2.07 13.7 1.34 −0.02 0.07 13.77 319
44 400. 0.530 × 10−2 0.746 1.106 — 6.39 5.10 1.65 8.34 −0.19 0.01 −0.01 8.34 319
45 400. 0.800 × 10−2 0.494 1.043 1.064 3.27 1.59 1.52 3.94 0.28 0.00 −0.23 3.96 319
46 400. 0.130 × 10−1 0.304 0.868 0.870 3.55 2.33 1.44 4.49 0.19 0.00 −0.22 4.50 319
47 400. 0.200 × 10−1 0.198 0.719 0.716 3.67 1.95 1.32 4.36 0.04 0.00 0.16 4.36 319
48 400. 0.320 × 10−1 0.124 0.591 0.589 3.64 1.93 1.30 4.32 0.35 0.00 −0.12 4.34 319
49 400. 0.500 × 10−1 0.079 0.511 0.508 3.54 1.52 1.39 4.09 0.12 0.00 0.15 4.10 319
50 400. 0.800 × 10−1 0.049 0.435 0.433 3.74 1.71 1.36 4.33 0.26 0.00 0.05 4.34 319
51 400. 0.130 0.030 0.376 0.375 3.88 1.80 1.36 4.49 0.43 0.00 0.10 4.51 319
52 400. 0.250 0.016 0.268 0.267 4.66 3.28 1.41 5.87 0.79 −0.01 0.11 5.92 319
53 400. 0.400 0.010 0.147 0.147 10.64 7.30 1.96 13.1 1.19 −0.03 0.19 13.11 319
54 500. 0.660 × 10−2 0.749 1.097 — 6.91 5.20 1.42 8.76 −0.15 0.01 −0.13 8.76 319
55 500. 0.800 × 10−2 0.618 1.042 — 7.81 4.60 1.71 9.22 0.04 −0.02 −0.30 9.23 319
56 500. 0.130 × 10−1 0.380 1.000 1.003 5.11 3.90 1.73 6.65 0.38 0.00 −0.39 6.68 319
57 500. 0.200 × 10−1 0.247 0.763 0.760 5.11 4.20 1.66 6.82 0.42 0.00 −0.33 6.84 319
58 500. 0.320 × 10−1 0.154 0.604 0.600 5.30 3.80 1.69 6.74 0.44 0.01 −0.04 6.75 319
59 500. 0.500 × 10−1 0.099 0.518 0.515 5.59 3.80 1.46 6.92 0.06 0.01 0.17 6.92 319
60 500. 0.800 × 10−1 0.062 0.396 0.394 6.37 5.80 1.78 8.79 0.75 0.00 0.27 8.83 319
61 500. 0.130 0.038 0.363 0.361 7.20 4.10 1.82 8.48 −0.23 0.02 0.51 8.50 319
62 500. 0.180 0.027 0.289 0.287 8.12 6.60 2.16 10.7 1.44 −0.02 0.39 10.79 319
63 500. 0.250 0.020 0.259 0.258 10.40 8.40 2.18 13.5 1.32 −0.02 0.46 13.61 319
64 500. 0.400 0.012 0.144 0.143 15.14 12.00 3.56 19.6 3.24 −0.05 0.19 19.91 319
65 500. 0.650 0.008 0.027 0.027 19.26 10.50 2.10 22.0 −0.36 −0.01 0.96 22.06 319
Table 14. HERA combined reduced cross section σ− aver for NC e
−p scattering. F ave2 repre-
sents the structure function F2 calculated from σ
ave
r by using the HERAPDF1.0 parametrisation of
F˜L, xF˜3, F
γZ
2 for y < 0.6. δave,stat, δave,uncor, δave,cor and δave,exp tot represent the statistical, uncor-
related systematic, correlated systematic and total experimental uncertainty, respectively. δave,rel,
δave,gp and δave,had are the three correlated sources of uncertainties arising from the combination
procedure, see section 3.2.3. δave,tot is the total uncertainty calculated by adding δave,exp tot and
the procedural errors in quadrature. The uncertainties are quoted in percent relative to σ− aver .






Bin Q2 x y σ− ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
66 650. 0.850 × 10−2 0.756 0.972 — 4.91 2.20 1.70 5.64 0.03 0.00 0.01 5.64 319
67 650. 0.130 × 10−1 0.494 0.950 0.959 3.64 1.48 1.56 4.23 0.07 0.00 −0.17 4.23 319
68 650. 0.200 × 10−1 0.321 0.794 0.790 4.59 1.98 1.35 5.18 0.27 0.00 −0.23 5.19 319
69 650. 0.320 × 10−1 0.201 0.645 0.638 5.01 2.32 1.32 5.68 0.29 0.00 −0.13 5.69 319
70 650. 0.500 × 10−1 0.128 0.525 0.520 5.14 2.66 1.41 5.96 0.38 0.00 −0.04 5.97 319
71 650. 0.800 × 10−1 0.080 0.419 0.415 5.48 2.58 1.39 6.21 0.50 0.00 0.19 6.23 319
72 650. 0.130 0.049 0.344 0.341 5.96 2.59 1.41 6.65 0.33 0.00 −0.14 6.66 319
73 650. 0.180 0.036 0.336 0.333 9.02 6.80 1.86 11.4 0.71 −0.01 0.64 11.49 319
74 650. 0.250 0.026 0.259 0.257 6.68 4.02 1.49 7.94 0.68 −0.01 0.12 7.97 319
75 650. 0.400 0.016 0.088 0.087 23.18 9.30 1.90 25.1 0.63 0.00 −0.64 25.07 319
76 800. 0.105 × 10−1 0.753 0.942 — 9.18 5.90 1.46 11.0 −0.19 0.00 −0.05 11.01 319
77 800. 0.130 × 10−1 0.608 0.885 — 4.80 1.63 1.53 5.30 0.20 0.00 0.06 5.30 319
78 800. 0.200 × 10−1 0.395 0.808 0.803 4.98 2.07 1.39 5.57 0.31 −0.01 −0.13 5.58 319
79 800. 0.320 × 10−1 0.247 0.662 0.653 5.13 1.94 1.49 5.68 0.55 0.00 −0.17 5.71 319
80 800. 0.500 × 10−1 0.158 0.590 0.581 5.05 1.86 1.32 5.54 0.05 0.00 0.14 5.54 319
81 800. 0.800 × 10−1 0.099 0.501 0.494 5.58 2.26 1.43 6.19 0.09 0.00 0.12 6.19 319
82 800. 0.130 0.061 0.368 0.363 6.89 2.48 1.92 7.57 0.77 0.01 0.09 7.61 319
83 800. 0.180 0.044 0.303 0.300 11.58 6.20 1.76 13.3 0.43 0.01 0.44 13.27 319
84 800. 0.250 0.032 0.241 0.239 8.86 3.38 1.66 9.63 0.62 −0.01 0.00 9.65 319
85 800. 0.400 0.020 0.120 0.119 20.64 11.60 2.31 23.8 1.50 −0.02 0.60 23.84 319
86 800. 0.650 0.012 0.015 0.015 21.50 12.50 3.31 25.1 2.87 −0.04 0.04 25.25 319
87 1000. 0.130 × 10−1 0.760 0.777 — 11.47 6.50 2.18 13.4 0.07 −0.06 0.80 13.39 319
88 1000. 0.200 × 10−1 0.494 0.776 0.770 7.96 4.30 1.60 9.18 0.52 −0.01 −0.59 9.22 319
89 1000. 0.320 × 10−1 0.309 0.567 0.556 9.04 4.20 1.45 10.1 0.19 0.00 −0.36 10.08 319
90 1000. 0.500 × 10−1 0.198 0.575 0.563 8.41 4.30 1.42 9.56 −0.03 0.01 −0.12 9.56 319
91 1000. 0.800 × 10−1 0.124 0.453 0.444 9.27 4.90 1.70 10.6 0.75 −0.01 0.31 10.65 319
92 1000. 0.130 0.076 0.494 0.486 10.27 5.00 1.65 11.5 −0.44 0.01 0.00 11.55 319
93 1000. 0.180 0.055 0.250 0.246 13.48 5.40 1.43 14.6 0.43 0.00 0.05 14.59 319
94 1000. 0.250 0.040 0.315 0.311 12.92 8.20 2.31 15.5 0.64 0.01 0.94 15.51 319
95 1000. 0.400 0.025 0.124 0.123 22.73 13.30 2.13 26.4 1.19 −0.04 0.29 26.45 319
96 1200. 0.140 × 10−1 0.847 0.902 — 6.56 1.95 3.31 7.61 0.03 0.00 −0.20 7.61 319
97 1200. 0.200 × 10−1 0.593 0.741 0.735 5.63 1.47 1.36 5.98 0.29 −0.01 −0.16 5.98 319
98 1200. 0.320 × 10−1 0.371 0.625 0.609 5.60 1.52 1.38 5.97 0.36 0.00 −0.16 5.98 319
99 1200. 0.500 × 10−1 0.237 0.552 0.536 5.20 1.34 1.48 5.57 0.23 0.00 −0.03 5.57 319
100 1200. 0.800 × 10−1 0.148 0.424 0.413 5.54 1.28 1.40 5.86 0.19 0.00 −0.03 5.86 319
101 1200. 0.130 0.091 0.363 0.355 6.00 1.62 1.42 6.38 0.20 0.00 −0.02 6.38 319
102 1200. 0.180 0.066 0.341 0.334 13.60 4.70 1.67 14.5 0.41 0.00 0.40 14.49 319
103 1200. 0.250 0.047 0.266 0.261 6.82 1.50 1.41 7.13 0.29 0.00 0.03 7.13 319
104 1200. 0.400 0.030 0.104 0.103 12.36 7.66 1.89 14.7 0.79 −0.01 0.32 14.69 319
105 1500. 0.200 × 10−1 0.741 0.838 — 7.20 2.18 1.89 7.76 0.00 −0.01 0.04 7.76 319
106 1500. 0.320 × 10−1 0.463 0.732 0.707 6.45 1.65 1.53 6.83 0.08 0.00 −0.20 6.84 319
107 1500. 0.500 × 10−1 0.296 0.578 0.555 6.29 1.26 1.35 6.56 0.27 0.00 −0.07 6.57 319
108 1500. 0.800 × 10−1 0.185 0.469 0.452 6.53 1.45 1.43 6.84 0.23 0.00 −0.09 6.85 319
109 1500. 0.130 0.114 0.399 0.386 7.83 1.77 1.47 8.16 0.37 0.00 −0.06 8.17 319
110 1500. 0.180 0.082 0.310 0.302 8.69 1.57 1.39 8.94 0.12 0.00 −0.04 8.94 319
111 1500. 0.250 0.059 0.248 0.242 10.17 2.27 1.38 10.5 0.66 0.00 0.17 10.54 319
112 1500. 0.400 0.037 0.145 0.142 15.85 12.25 2.05 20.1 1.30 −0.02 0.48 20.19 319
113 1500. 0.650 0.023 0.014 0.014 35.02 14.50 2.93 38.0 2.31 −0.05 0.46 38.09 319
114 2000. 0.320 × 10−1 0.618 0.751 — 7.31 1.99 1.83 7.80 0.26 −0.01 −0.21 7.80 319
115 2000. 0.500 × 10−1 0.395 0.558 0.524 7.79 1.65 1.45 8.10 0.46 0.00 −0.14 8.11 319
116 2000. 0.800 × 10−1 0.247 0.479 0.452 7.63 1.73 1.67 8.00 0.75 0.00 0.03 8.04 319
117 2000. 0.130 0.152 0.326 0.310 9.91 2.49 1.33 10.3 0.86 0.00 0.11 10.34 319
118 2000. 0.180 0.110 0.270 0.258 10.87 1.98 1.50 11.2 0.33 0.00 −0.12 11.15 319
119 2000. 0.250 0.079 0.258 0.248 11.64 2.39 1.51 12.0 0.75 0.00 −0.02 12.00 319
120 2000. 0.400 0.049 0.104 0.101 17.11 5.25 2.07 18.0 0.81 0.00 0.18 18.04 319
121 3000. 0.500 × 10−1 0.593 0.626 0.558 7.79 2.90 1.94 8.54 0.62 −0.03 −0.44 8.57 319
122 3000. 0.800 × 10−1 0.371 0.498 0.446 8.02 2.06 1.39 8.39 0.31 0.00 −0.09 8.40 319
123 3000. 0.130 0.228 0.425 0.387 9.18 3.08 1.32 9.77 −0.01 0.00 0.19 9.77 319
124 3000. 0.180 0.165 0.320 0.294 10.64 2.62 1.36 11.1 0.41 0.00 −0.09 11.05 319
125 3000. 0.250 0.119 0.267 0.249 12.06 3.13 1.61 12.6 0.19 −0.01 0.06 12.56 319
126 3000. 0.400 0.074 0.145 0.137 16.10 5.47 1.82 17.1 0.74 −0.02 0.39 17.12 319
127 3000. 0.650 0.046 0.020 0.019 43.21 5.95 2.27 43.7 0.17 0.00 0.06 43.67 319
128 5000. 0.800 × 10−1 0.618 0.637 — 7.12 1.92 1.45 7.51 0.39 −0.01 −0.28 7.53 319
129 5000. 0.130 0.380 0.479 0.394 9.55 2.46 1.34 9.95 0.34 0.00 −0.20 9.96 319
130 5000. 0.180 0.274 0.425 0.359 9.68 2.48 1.38 10.1 0.08 0.00 −0.01 10.09 319
131 5000. 0.250 0.198 0.302 0.262 12.35 3.53 1.56 12.9 1.16 0.00 0.20 12.99 319
132 5000. 0.400 0.124 0.126 0.112 18.56 5.69 2.01 19.5 1.58 0.00 −0.31 19.58 319
133 5000. 0.650 0.076 0.010 0.009 40.99 17.70 3.14 44.8 1.73 −0.03 0.63 44.79 319
134 8000. 0.130 0.608 0.586 — 10.57 2.54 2.58 11.2 0.71 0.00 −0.25 11.20 319
135 8000. 0.180 0.439 0.386 0.285 13.69 2.83 1.50 14.1 0.04 0.00 −0.18 14.06 319
136 8000. 0.250 0.316 0.301 0.233 15.36 3.59 1.55 15.8 0.38 −0.01 0.05 15.86 319
137 8000. 0.400 0.198 0.161 0.131 21.81 7.34 2.02 23.1 0.99 0.00 −0.30 23.13 319
138 8000. 0.650 0.122 0.020 0.017 64.03 3.95 1.56 64.2 −0.06 −0.01 −0.02 64.17 319






Bin Q2 x y σ− ave
r
Fave2 δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 % % % % % % % % GeV
139 12000. 0.180 0.659 0.453 — 16.43 2.69 3.02 16.9 0.50 0.00 0.10 16.92 319
140 12000. 0.250 0.474 0.282 0.189 21.74 4.83 1.55 22.3 0.05 0.00 −0.50 22.33 319
141 12000. 0.400 0.296 0.093 0.068 35.72 10.68 2.55 37.4 0.84 −0.02 −0.11 37.38 319
142 20000. 0.250 0.791 0.406 — 26.54 3.29 2.47 26.9 0.38 −0.01 −0.07 26.86 319
143 20000. 0.400 0.494 0.194 0.118 33.37 7.52 1.55 34.2 0.51 0.00 −0.25 34.25 319
144 20000. 0.650 0.304 0.013 0.009 73.47 34.51 7.37 81.5 3.18 −0.04 −0.40 81.56 319
145 30000. 0.400 0.741 0.247 — 47.25 6.75 5.97 48.1 −0.63 0.00 0.52 48.11 319
Table 16. Continuation of table 14







δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 pb/GeV2 % % % % % % % % GeV
1 300. 0.800 × 10−2 0.371 0.136 1.417 19.12 2.80 3.97 19.7 −1.25 0.01 0.09 19.77 319
2 300. 0.130 × 10−1 0.228 0.695 1.173 8.83 2.54 3.59 9.86 0.40 −0.05 −0.32 9.87 319
3 300. 0.320 × 10−1 0.093 0.210 0.875 8.09 1.86 2.00 8.54 1.20 0.00 0.15 8.62 319
4 300. 0.800 × 10−1 0.037 0.466 × 10−1 0.484 10.74 3.11 1.68 11.3 0.64 −0.01 0.36 11.33 319
5 500. 0.130 × 10−1 0.380 0.505 0.904 8.09 2.67 2.65 8.92 0.75 −0.02 −0.16 8.95 319
6 500. 0.320 × 10−1 0.154 0.168 0.740 6.93 1.84 1.24 7.28 0.59 0.00 0.14 7.30 319
7 500. 0.800 × 10−1 0.062 0.509 × 10−1 0.561 7.36 1.74 1.15 7.65 −0.41 0.03 −0.04 7.66 319
8 500. 0.130 0.038 0.242 × 10−1 0.433 11.87 2.63 2.13 12.3 0.16 0.02 0.22 12.35 319
9 1000. 0.130 × 10−1 0.760 0.323 0.664 10.67 2.99 2.93 11.5 −0.80 −0.03 0.24 11.49 319
10 1000. 0.320 × 10−1 0.309 0.139 0.701 5.11 1.38 1.16 5.42 0.02 −0.01 0.04 5.42 319
11 1000. 0.800 × 10−1 0.124 0.434 × 10−1 0.549 5.73 1.43 0.77 5.95 0.12 0.02 0.20 5.96 319
12 1000. 0.130 0.076 0.213 × 10−1 0.437 8.25 2.19 0.96 8.59 0.29 0.01 0.08 8.59 319
13 1000. 0.250 0.040 0.702 × 10−2 0.278 13.28 4.01 1.80 14.0 1.01 −0.01 −0.38 14.03 319
14 1500. 0.320 × 10−1 0.463 0.961 × 10−1 0.553 7.91 1.19 1.27 8.10 0.11 0.02 0.16 8.10 319
15 1500. 0.800 × 10−1 0.185 0.312 × 10−1 0.449 7.82 0.57 0.82 7.89 −0.18 0.00 0.07 7.89 319
16 1500. 0.130 0.114 0.156 × 10−1 0.365 10.45 0.74 1.13 10.5 −0.28 0.02 0.09 10.54 319
17 1500. 0.250 0.059 0.555 × 10−2 0.250 12.65 1.40 1.24 12.8 −0.16 −0.02 0.57 12.81 319
18 2000. 0.320 × 10−1 0.618 0.806 × 10−1 0.524 7.67 3.18 1.84 8.50 0.53 0.03 0.24 8.52 319
19 2000. 0.800 × 10−1 0.247 0.251 × 10−1 0.408 7.60 2.88 0.94 8.18 0.28 0.03 0.30 8.19 319
20 2000. 0.130 0.152 0.146 × 10−1 0.386 9.52 3.79 1.01 10.3 1.11 0.03 0.61 10.37 319
21 2000. 0.250 0.079 0.418 × 10−2 0.212 13.93 5.18 1.13 14.9 1.58 0.01 0.38 14.99 319
22 3000. 0.800 × 10−1 0.371 0.192 × 10−1 0.390 5.20 1.61 1.13 5.56 0.29 0.03 −0.26 5.58 319
23 3000. 0.130 0.228 0.939 × 10−2 0.310 6.65 1.54 1.08 6.91 0.38 0.01 0.08 6.92 319
24 3000. 0.250 0.119 0.284 × 10−2 0.181 8.98 2.25 1.18 9.33 0.42 0.00 0.02 9.34 319
25 3000. 0.400 0.074 0.731 × 10−3 0.074 20.21 5.06 2.06 20.9 1.08 −0.06 0.35 20.96 319
26 5000. 0.800 × 10−1 0.618 0.826 × 10−2 0.246 8.94 2.30 1.73 9.40 0.66 0.04 −0.08 9.42 319
27 5000. 0.130 0.380 0.482 × 10−2 0.234 7.32 1.83 1.18 7.64 0.61 0.02 0.00 7.66 319
28 5000. 0.250 0.198 0.175 × 10−2 0.163 8.63 1.98 1.48 8.98 0.93 0.00 0.51 9.04 319
29 5000. 0.400 0.124 0.462 × 10−3 0.069 16.59 3.98 2.24 17.2 2.48 −0.03 0.47 17.40 319
30 8000. 0.130 0.608 0.175 × 10−2 0.135 11.30 3.60 3.06 12.2 0.90 0.05 −0.13 12.29 319
31 8000. 0.250 0.316 0.808 × 10−3 0.120 10.68 3.25 2.12 11.4 1.51 0.01 −0.01 11.46 319
32 8000. 0.400 0.198 0.222 × 10−3 0.053 19.92 6.77 3.35 21.3 1.86 −0.05 0.42 21.39 319
33 15000. 0.250 0.593 0.120 × 10−3 0.039 21.82 5.09 3.75 22.7 1.75 0.06 −0.17 22.79 319
34 15000. 0.400 0.371 0.113 × 10−3 0.059 17.93 7.02 3.41 19.6 2.16 −0.03 0.42 19.68 319
Table 17. HERA combined double diﬀerential d2σe
+p ave
CC /dxdQ
2 and reduced σ+ aver,CC cross section
for CC e+p scattering. δave,stat, δave,uncor, δave,cor and δave,exp tot represent the statistical, uncor-
related systematic, correlated systematic and total experimental uncertainty, respectively. δave,rel,
δave,gp and δave,had are the three correlated sources of uncertainties arising from the combination pro-
cedure, see section 3.2.3. δave,tot is the total uncertainty calculated by adding δave,exp tot and the pro-

















δave,stat δave,uncor δave,cor δave,exp tot δave,rel δave,gp δave,had δave,tot
√
s
# GeV2 pb/GeV2 % % % % % % % % GeV
1 300. 0.130 × 10−1 0.228 0.393 0.663 60.18 7.49 11.91 61.8 7.73 −0.24 0.43 62.29 319
2 300. 0.320 × 10−1 0.093 0.286 1.188 22.51 6.15 6.22 24.1 6.87 −0.06 0.45 25.11 319
3 300. 0.800 × 10−1 0.037 0.632 × 10−1 0.657 42.56 8.72 6.47 43.9 3.32 −0.20 0.86 44.05 319
4 500. 0.130 × 10−1 0.380 0.477 0.854 27.75 7.42 6.96 29.6 1.64 −0.03 0.18 29.60 319
5 500. 0.320 × 10−1 0.154 0.249 1.097 17.39 4.45 3.94 18.4 2.27 −0.12 0.51 18.52 319
6 500. 0.800 × 10−1 0.062 0.764 × 10−1 0.841 19.54 4.50 2.36 20.2 −0.28 0.00 0.58 20.20 319
7 500. 0.130 0.038 0.545 × 10−1 0.976 29.14 6.50 1.99 29.9 −0.40 −0.01 0.89 29.94 319
8 1000. 0.130 × 10−1 0.760 0.708 1.456 25.99 16.51 5.59 31.3 −1.81 0.00 0.07 31.35 319
9 1000. 0.320 × 10−1 0.309 0.169 0.855 14.43 4.05 2.32 15.2 0.28 −0.01 0.35 15.17 319
10 1000. 0.800 × 10−1 0.124 0.628 × 10−1 0.794 13.16 4.18 2.13 14.0 −0.15 0.00 0.31 13.97 319
11 1000. 0.130 0.076 0.344 × 10−1 0.708 17.24 3.71 2.66 17.8 −0.30 0.02 0.47 17.84 319
12 1000. 0.250 0.040 0.140 × 10−1 0.554 37.44 10.50 1.47 38.9 0.16 −0.01 −0.06 38.91 319
13 1500. 0.320 × 10−1 0.463 0.155 0.895 18.04 8.80 2.66 20.2 0.21 −0.01 0.00 20.24 319
14 1500. 0.800 × 10−1 0.185 0.549 × 10−1 0.791 14.02 3.60 1.86 14.6 −0.01 −0.01 −0.03 14.60 319
15 1500. 0.130 0.114 0.321 × 10−1 0.752 18.04 3.10 2.24 18.4 −0.15 −0.01 −0.13 18.44 319
16 1500. 0.250 0.059 0.102 × 10−1 0.458 24.02 2.05 2.56 24.2 −0.37 0.00 −0.11 24.24 319
17 2000. 0.320 × 10−1 0.618 0.131 0.854 15.55 4.30 2.30 16.3 0.35 0.00 0.47 16.30 319
18 2000. 0.800 × 10−1 0.247 0.567 × 10−1 0.923 13.04 3.80 1.51 13.7 −0.11 0.00 0.31 13.67 319
19 2000. 0.130 0.152 0.197 × 10−1 0.521 21.20 4.40 1.48 21.7 −0.24 0.00 0.47 21.71 319
20 2000. 0.250 0.079 0.861 × 10−2 0.438 25.51 6.50 1.41 26.4 −0.11 0.00 0.30 26.36 319
21 3000. 0.800 × 10−1 0.371 0.333 × 10−1 0.677 9.91 2.60 1.75 10.4 −0.10 0.00 0.28 10.40 319
22 3000. 0.130 0.228 0.211 × 10−1 0.698 10.88 3.49 1.45 11.5 0.84 0.01 −0.01 11.55 319
23 3000. 0.250 0.119 0.746 × 10−2 0.474 13.44 3.33 1.36 13.9 −0.08 0.00 0.21 13.91 319
24 3000. 0.400 0.074 0.246 × 10−2 0.250 26.82 10.03 2.99 28.8 1.59 −0.05 −1.08 28.86 319
25 5000. 0.800 × 10−1 0.618 0.195 × 10−1 0.581 12.66 4.23 3.05 13.7 0.88 0.02 0.07 13.72 319
26 5000. 0.130 0.380 0.129 × 10−1 0.626 11.18 3.42 1.33 11.8 0.37 0.00 −0.12 11.77 319
27 5000. 0.250 0.198 0.429 × 10−2 0.400 13.35 2.74 1.41 13.7 0.59 0.00 0.10 13.71 319
28 5000. 0.400 0.124 0.189 × 10−2 0.283 18.80 5.71 2.53 19.8 2.41 −0.02 −0.96 19.97 319
29 8000. 0.130 0.608 0.802 × 10−2 0.619 12.72 4.37 2.16 13.6 0.44 0.01 −0.43 13.64 319
30 8000. 0.250 0.316 0.380 × 10−2 0.565 11.44 3.23 1.59 12.0 0.54 0.00 −0.34 12.01 319
31 8000. 0.400 0.198 0.105 × 10−2 0.250 19.41 4.61 2.91 20.2 0.99 0.00 −0.92 20.20 319
32 15000. 0.250 0.593 0.133 × 10−2 0.434 16.39 6.52 3.49 18.0 0.27 0.01 −0.83 18.00 319
33 15000. 0.400 0.371 0.372 × 10−3 0.195 23.55 5.91 3.33 24.5 1.54 0.01 −1.36 24.59 319
34 30000. 0.400 0.741 0.106 × 10−3 0.160 54.99 3.60 9.58 55.9 1.38 0.03 −0.20 55.95 319
Table 18. HERA combined double diﬀerential d2σe
−p ave
CC /dxdQ
2 and reduced σ− aver,CC cross section
for CC e−p scattering. δave,stat, δave,uncor, δave,cor and δave,exp tot represent the statistical, uncor-
related systematic, correlated systematic and total experimental uncertainty, respectively. δave,rel,
δave,gp and δave,had are the three correlated sources of uncertainties arising from the combination pro-
cedure, see section 3.2.3. δave,tot is the total uncertainty calculated by adding δave,exp tot and the pro-















































































Figure 1. Distribution of pulls p for the following samples: a) NC e+p for Q2 < 3.5GeV2; b) NC
e+p for 3.5 ≤ Q2 < 100GeV2; c) NC e+p for Q2 ≥ 100GeV2; d) NC e−p; e) CC e+p and f) CC
e−p. There are no entries outside the histogram ranges. RMS gives the root mean square of each




















Figure 2. Distribution of pulls ps for correlated systematic uncertainties including global normal-
isations. There are no entries outside the histogram range. RMS gives the root mean square of the
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Figure 3. HERA combined NC e+p reduced cross section as a function of Q2 for six x-bins
compared to the separate H1 and ZEUS data input to the averaging procedure. The error bars
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Figure 4. HERA combined CC e+p reduced cross section compared to the separate H1 and ZEUS
data input to the averaging procedure. The error bars indicate the total experimental uncertainty.
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Figure 5. HERA combined NC e+p reduced cross section at very low Q2. The error bars indicate


























Q2 = 2.7 GeV2 Q2 = 3.5 GeV2 Q2 = 4.5 GeV2
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Figure 6. HERA combined NC e+p reduced cross section at low Q2. The error bars indicate the
total experimental uncertainty. The HERAPDF1.0 ﬁt is superimposed. The bands represent the
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Figure 7. HERA combined NC e+p reduced cross section for high Q2. The error bars indicate the
total experimental uncertainty. The predictions of the HERAPDF1.0 ﬁt are superimposed. The
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Figure 8. HERA combined NC e−p reduced cross section. The error bars indicate the total
experimental uncertainty. The HERAPDF1.0 ﬁt is superimposed. The bands represent the total
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Figure 9. HERA combined NC e+p reduced cross section and ﬁxed-target data as a function of Q2.
The error bars indicate the total experimental uncertainty. The HERAPDF1.0 ﬁt is superimposed.
The bands represent the total uncertainty of the ﬁt. Dashed lines are shown for Q2 values not
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Figure 10. HERA combined NC e±p reduced cross sections at high Q2. The error bars indicate
the total experimental uncertainty. The HERAPDF1.0 ﬁt is superimposed. The bands represent
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Figure 11. HERA combined CC e+p reduced cross section. The error bars indicate the total
experimental uncertainty. The HERAPDF1.0 ﬁt is superimposed. The bands represent the total
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Figure 12. HERA combined CC e−p reduced cross section. The error bars indicate the total
experimental uncertainty. The HERAPDF1.0 ﬁt is superimposed. The bands represent the total
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                  H1 and ZEUS
Figure 13. The parton distribution functions from HERAPDF1.0, xuv, xdv, xS = 2x(U¯ + D¯), xg,
at Q2 = 1.9 GeV2. The break-up of the Sea PDF, xS, into the ﬂavours, xusea = 2xu¯, xdsea =
2xd¯, xssea = 2xs¯, is illustrated. Fractional uncertainty bands are shown below each PDF. The
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                  H1 and ZEUS
Figure 14. The parton distribution functions from HERAPDF1.0, xuv, xdv, xS = 2x(U¯ + D¯), xg,
at Q2 = 10 GeV2. The break-up of the Sea PDF, xS, into the ﬂavours, xusea = 2xu¯, xdsea = 2xd¯,
xssea = 2xs¯, xcsea = 2xc¯ is illustrated. Fractional uncertainty bands are shown below each PDF.







































































-410 -310 -210 -110 1
x
                  H1 and ZEUS
Figure 15. The parton distribution functions from HERAPDF1.0, xuv, xdv, xS = 2x(U¯ + D¯), xg,
at Q2 = 10, 000 GeV2. The break-up of the Sea PDF, xS, into the ﬂavours, xusea = 2xu¯, xdsea =
2xd¯, xssea = 2xs¯, xcsea = 2xc¯, xbsea = 2xb¯ is illustrated. Fractional uncertainty bands are shown
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Figure 16. The parton distribution functions from HERAPDF1.0, xU, xD, xU¯ , xD¯ at Q2 =
10 GeV2. Fractional uncertainty bands are shown below each PDF. The experimental, model and
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Figure 17. The parton distribution functions from HERAPDF1.0, xu¯, xd¯, xc¯, xs¯ at Q2 = 10 GeV2.
Fractional uncertainty bands are shown below each PDF. The experimental, model and parametri-





















 =   1.9 GeV2Q
vxu
vxd
 0.05)·xS (  0.05)·xg (





















                H1 and ZEUS
Figure 18. The parton distribution functions from HERAPDF1.0, xuv, xdv, xS = 2x(U¯ + D¯), xg,
at Q2 = 1.9GeV2 (top) and Q2 = 10GeV2 (bottom). The gluon and sea distributions are scaled
















































                H1 and ZEUS
Figure 19. The parton distribution functions from HERAPDF1.0, xuv, xdv, xS = 2x(U¯ + D¯), xg,
at Q2 = 1.9GeV2 (top) and Q2 = 10GeV2 (bottom). The experimental, model and parametrisation
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Figure 20. The parton distribution functions obtained using ACOT heavy-ﬂavour scheme com-
pared to HERAPDF1.0 for xuv, xdv, xS = 2x(U¯ + D¯), xg, at Q
2 = 10GeV2. The bands show total
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Figure 21. The gluon density xg from HERAPDF1.0 compared for diﬀerent values of αS . The
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